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HIMALAYAN FOSSILS. 



Volume I, Part 1. 



UPPER TR1ASSIC AND LIASSIC FAUNAE OF THE EXOTIC BLOCKS OF 
MALLA JOHAlt IN TBB BHOT MAHALS OF KUMAON- 

(Collections made bt the Geological Scbvkt ok India in toe year 1900.) 



BY 

CABL DIENER, Ph.D. 
Professor of Paleontology at the University op Vibnna. 

INTRODUCTION. 

The following descriptions of fossils arc based upon the rich collections gather* 
ed by the late Dr. A. von Krafft during his survey of the frontier district between 
Hundes and Malla Johar in the year 1900. They represent, for the most part, 
completely new material. 

During the expedition of 1892, in which Griesbach, Middlemiss, and myself 
took part, a single fossilirerous blook of red limestone was discovered near Sangcha 
Talla encamping- ground, at the head of the Kingarh river. It yielded some frag- 
ments of Jooitei noo. $p. ex of. J. botnetuis, which, according to E. v. Mojsisovics 
(Palttont. Ind. sor. XV, Himdlayan Fossils, Vol. Ill, Pt. 1, p. 18), proved the block 
to belong to the caroic stage of the upper tria . In 1900 Dr. A. v. Krafft made an 
exhaustive study of the exotic blocks in the neighbourhood of the Balclidhura, He 
found the upper flysch and the basic igneous rocks of the district to abound with 
exotic blocks, some of which yielded a large number of well-preserved fossils. 

The geological results of this surrey have been summarized by A. v. Krafft in 
a very interesting paper, forming Vol. XXXII, Pt. 8, of the Memoirs of the Geolo- 
gical Survey of India (Calcutta, 1902). The majority of fossiliforous blocks dis- 
covered were of permian age They have bsen marked on the map accompanying 
Dr. v. Krafft's memoir as E. 1). Nos. 9, 11, 12, 13, 15, 18, 19. The rich fauna of 
block No. 9 has been described in my memoir on the perm inn fossils from the 
Central Himalayas (Palseont. Ind. sor. XV, Vol. I, Pt. 6, pp. 62-100). 
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Besides this considerable number of exotio blocks of permian age, some fossil- 
iferous blocks containing triassic and liassio faunae have been recorded by A. v. 
Krafft. Evidence has been obtained of tbe representation of tbe following strati- 
graphical horizons :— 

1. Lower Triaa (E. B. No. 20 on map). A large block of a dark red, earthy 
limestone, thin bedded, with Damtbile* niealit Dicn., Flemingitet $p., Meekocerat 
tp., probably homotaxial with the Hodenstrcemia beds of the main region of the 
Himalayas. 

2. Lower Musohelkalk, doubtful, some badly-preserved Ammonites in a loose 
block (Procladucitea cf. Yatoda Dien. ?) pointing to the fauna of the Middlemiss 
crag in the Chitichun area. 

3. Ladinic or lower camic stage (E. B. No. 1). A dark red, very ferrugi- 
neous limestone yielded a few specimens of Daonella indica Bittn. 

4. Upper carnic stage (E. B. No. 2). From a bright red marine marble like 
that of the Hallstatt beds, about 1 mile to the north-west of the Balchdhura pass, a 
very large collection of Ammonites was obtained, most of them closely related to 
species characteristic of the zone of TropUet subbnllatus. The following list of 
fossils, based on a cursory examination of the materials from this block, is given by 
A. v. Krafft on p. 143 of his memoir :— 

CladittUe* iubarotttt Mojs. 

Pht/ilortrat Eti»eri Mojs. 

Juraritet {(Jrietbaehitts) Medlfyanut Stol. 

Areettei dir. >j>. 

Joi itet tp. ex aff. iotneiui* Mojs. 
Placitd tp. i*J. 

Tropitt* *p. nff. tubbullatm llauer. 

„ tp. of. aCKl'iNJttlut Moju. 

„ »p. of. Bartki Mojs. 

„ tp. af. tpiaotnt Mojs. 
Xauiilh* */<. ind. 

5. Vaehsteinkalk (E. B. No. 8). No fossils. 

6. Lower Lieu (E. B. Nos. 4, G. 7, 10, 17). In a very earthy, brick red, thin- 
bedded, nodular limes to no several species of AriclUes and Thyllocerai have been 
found. In preservation they are exactly ident cal with tlio Lias of Adncth near 
Salzburg in the Eastern Alps. 

The fauna; representing the three horizons, 3, 4, 6, have been submitted to me 
for examination. They are of particular interest. The Subbullatus fauna from 
exotio block No. 2 is the first uppcr-triassic fauna obtained from a fades iden- 
tical with the famous Hallstatt limestone of Austria, and differing considerably 
from what is seen in the main region of the sedimentary belt of the Central Hima- 
layas. The liassio fossils from exotic blocks Nos. 16 and 17 are the first as yet 
recorded from India. 
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I.— FOSSILS FROM EXOTIC BLOCK NO. 1 (BALCHDHURA HEIGHTS). 

The fossil materials from this blook available for examination are extremely 
scanty, consisting of two fairly well-preserved casts of Daonella indica Bittn. and 
of the fragment of a Balobia, 

Daonblla niDroA Bittner. PI. VIII, fig. 1. 

1B9!». D«<meUa indira Bittner, HinuUiy.. Pw,. P»Wtol,*i. Ind. ur . XV, Vol. Ill, Pt. !. p. 89, PI. 
VII, 6(1.4-11. 

1S00. D<.W/a Miea A. t. Krofft, 0*n«nil Report, Oiiol. Sor». of Indi», for 1890-1000, p. 809. 
1902. Daonella i»diea A. ». Kr.ITt, Men.. Q*ol. 8or». of Isdl*. XXXII. Pt. 3, p. 11*. 
lfltff. Daonella imliea l)leo«r, Hlmil. Fow. 1. c. Vol. V, Pt. 3, PI. Ill, Kg*. 6, J, 10. 

The specimen illustrated — a right voire with fairly well-preserved sculpture — 
agrees in all its characters with the typos of this species, which have been figured 
by A. Bittner. It is of very large size and scarcely inferior in its dimensions to 
any of the examples known from the Central Himalayas of Painkhanda and Spiti. 
It* exact measurements cannot be given, the outlines of the shell being but partly 
accessible to examination. 

There is no anterior ear developed, but the radial ribbing reaches the hinge- 
margin on either sido of the apex nlmo?t in full strength. In accordance with the 
large size of the specimen the majority of secondary ribs are subdivided in the 
vicinity of the margins, especially so in the middle of the shell. 

The ribbing is very regular, being characterized by the almost uniformly 
bipartite structure of ribs and furrows. 

Halobia sp. ind. PI. VIII, fig. ] . 

Together with the illustrated specimen of Daonella indica a fragmentary oast 
has been noticed, showing an unmistakable anterior ear, which has probably been 
flat and narrow. The ribs are very delicate and undulating, but are curved back- 
ward in the middle of the height of the valvo. They begin near the umbo, but are 
rather distant and exhibit a bundle-like arrangement, which is due to a very regular 
intercalation of new ribs of a second and third order. The wrinkles of growth are 
closer set and stronger than the majority of ribs. 

Among European species it is probably the group of Halobia rareatriata Mojs. 
to which the present form is most nearly allied, but its preservation is not sufficiently 
perfect to justify a specific determination. 

CONCLU8ION8. 

As has been remarked by A. v. Krafft, no deQnito ago can bo assigned to the 
limestone of exotic block No. 1 with Daonella indica. In the Himalayas th 
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speoies is aot ooafiaed to a distinct stratigraphioal horizon, as had been suggested 
by Bittoer, but i9 of comparatively wide stratigraphical distribution, ranging 
throughout the ladinio into the lower carnic stiige. In Painkhanda it has its main 
layer in the bed with Norella Kingi and Norella libetica, immediately overlying 
the Traumatoorinus lirnestono of lower carnic age, but it has also been discover •<! by 
A. v. Krafft in the thin-bedded limestone sories separating the Traumatoorinus beds 
from the main layer of Ptgchile* rugtfer. In the Cephalopoda-bearing limestone 
near the Kalphu glacier (Lissnr valley) it is associated with a fauna of Ammonites 
which is certainly older than tbat of Hie Traumatocrinus limestone. In Spiti it 
oocurs both in the Daonella limestone and in the Daonella shales, where it is asso- 
ciated with Daonella Lcmmeli, Vrotraohycera$ ArcMaut, and numerous species 
characteristic of the ladinic stage. 

Bxotio block No. 1 may therefore represent either the ladinic or lower 
oaroio stage. The presenoe of a true Ualobia is rather in favour of the latter 
alternative. 



II.— FAUNA OF EXOTIC BLOCK NO. 2 (BALCHDHURA HEIGHTS, 

ABOUT 18,000 FBET). 

Among all mesozoic fauna: from the exotic blocks of Malla Jobar this is by far 
the richest and best preserved. The specimens are in preservation exactly identi- 
cal with those from the Hallstatt marble of the Rocthclstein near Aussee and they 
are often provided with their test. 

LAMELLIBRANCHIATA. 

The materials collected by A. v. Krafft are so scanty and so imperfectly 
preserved that it is impossible to venture on a specific identification of the single 
valves, none of them allowing an observation of any characters of generic impor- 
tance. Another reason which renders the fragmentary examples lying before me 
unfit for determination is the incomplete state of our knowledge of the Lamclli- 
branchiata of the Hallstatt limestone, Daonella, Ualobia, aud perhaps Monotit, 
being the only genera of the class which have been treated thoroughly by previous 
authors. There is only one single specimen admitting of a special description, 
although a more minute investigation into its relationship is impracticable on 
account of its incomplete state of preservation. 

Cassianjo-la sp. ind. PI. VIII, fig. 6. 

A cast of a left valve of large size deserves mentioning on account of its simi- 
larity with Alpino representatives of tlio genus Cauianella. 

It is considerably inflated, of nearly equal length and 1 1 eight. The central 
inflation of the valve exhibits a saddle-like depression in the middle, which is, 
however, but faintly marked and extends from the umbonal region to the ventral 
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margin. The strongly vaulted posterior wing is separated from the oentral portion 
of the oast by a sharp incision. Otherwise there is no interruption to the regularity 
of the posterior slope. 

The anterior wing has, unfortunately, not been preserved. But two slight 
keelaikc ribs are recognised along the anterior slope of the umbo. These are the 
only radial ribs, otherwise the sculpture of the shell, which has been partly pre- 
served, oonsiste of numerous and delioato concentric lines of growth. The beak is 
strongly inourved and with its apex shifted anteriorly. It projects above aflat 
area of moderate width, whose lower borders are not distinctly known. 

That this specimen belongs really to the genus Cattianella, is very probable 
but not certain. The shape of the beak, the presence of an area, the plug-shaped 
incision in the posterior margin, and the anterior radial ribs are all structures 
characteristic of the genus OattianeUa. But the entire absence of an anterior wing 
and of any characters of the hinge leaves a shade of doubt about our determination. 



GASTEROPODA. 

Gen. : Loxonema Phill. 
Loxonema (Poltqirina) of. bleoans Hoernes. PL I, fig. 6. 

1636. Loxonema eletjamt HoertiM, Gutropoden and Am^IuImi d#r Hillnttctta' Sdiichtan, D»nk»cbr. Kti*. 

Aktd. d. Wiatttucii. Wien, LX, p. 36, Taf. I, fig. 8. 
1897. T.annema {Pol S9 irina) dejau, Kokoo.QMltopodead.rTri*. am HalWtatt. AbU»odl. K. K. Oool. 

B«feh*»B*t. XVII, p. 94. T»f. XV, fig,. 6,7, IS. 

Only one fragmentary specimen, consisting of the last whorl and two coils of 
the spire, are contained in A. v. Kraft's collections. Notwithstanding the absenco 
of its apical portion it is more complete than the majority of the Alpine examples 
described by Hoernes and Koken, the typical shape of this species boing only known 
from a combination of several fragmentary specimens. 

My specimen agrees entirely with equal-sized fragments of Loxonema elegant 
from the HalUtatt limestone of Aussee. It is turreted and provided with high 
whorls, which are slightly convex and distinctly impressed along the suture. 
Their greatest transverse diameter is situated considerably below the middle of their 
height. 

The aperture has not been entirely preserved, but the presence of a small canal 
at the posterior border is distinctly marked. 

The shell, which has been partly preserved, is covered with delioato, falciform 
transverse strire of growth. 8piral wrinkles are faintly developed. 

Bemarki. — Loxonema elegant is of little stratigraphioal value, ranging from 
the carnic into the noric stage. 
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Gen. : Sag an a Koken. 
Sao ana cf. okomktbica Koken. PI. II, fig. 3. 

1807. 8aja*a geomrtrtea K<>k«n, a**trapoden dor Trf»« in H»ll«l«lt, Abb»udl. K. K. G«ol. R«tek»Atitt. 
Bd. XVII, p. M.W. VI.fi,. 10. 

This spcoics is represented in A. v. Krafft'i collections by a single but beauti- 
fully preserved and almost complete specimen, whioh differs from the typical shape 
of Sagana geometrioa only by such details of ornn mentation as are noticed in some 
of the intermediate forms between Sagana geometrica and 5. Boerneni Stur (Jahrb. 
K. K. Geol. Rcichsanst. 1869, p. 285). 

The turbinate sboll consists of five whorls, which are strongly convex and 
inflated, especially the last one, which is separated from the umbilicus by a distinct 
spiral edge. 

The slit band corresponds to the greatest convexity of the whorls. It is flatly 
conoave, not broader than the rest of the bands enclosed between the numerous spiral 
ridges. The slit of the aperture has been entirely preserved. It is short and round- 
ed. The numerous and sharp, closely set lunula;, which cover the slit band, 
run nearly parallel to the outlines of the aportural slit. Two spiral keels are 
counted between the keel bordering the slit band and the suturo, and eight 
between the slit band and the umbilical edge. Thus the number of spiral keels is 
smaller than in the typical Sagana geometrica, but larger than in S. Hoernesi. My 
specimen moreover recalls the intermediate shapes connecting the tvro species 
by the height of its last volution, which is smaller than in Sagana geometrica. 

Of the shelly substanoe small fragment* only are accessible to examination, 
showing the beautiful lattice-shaped ornamentation characteristic of the genus 
Sagana. Tho transverse striae ara very close-set and sharp, but inferior in strength 
to the spiral keels. The meshes, which are formed by tho crossing of transverse 
ribs and spiral edges, are considerably higher than broad. The point*, where the 
spiral ridges are intersected by the trausverse ribs, are not marked by any tubercles 
as is the case in the typical S. Hoernesi. 

Dimensions. 

The measurements of this specimen are as follows .— 

Entire lropl hoi iht tbell 26"5 ram 

Greatest br •Jib of th» (bell 33 „ 

Height of tilt lot Tolulion at the »pertori 185 „ 

Apical inglt* ........... 66° 

Remarks. — Sagana geometrica is not rare in the carnio Hallstatt limestone 
of Aussee. S. Boernesi and the intermediate shapes connecting the two species 
nro kuown both from the carnic and noric stages of the 8alzkamtnergut 
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Gen. : Capchjs Montf. 

Captjlub (Phryx) Joharensis nov. sp. PI. II, fig. 4. 

Tho distinction of fossil PaMlida and CapiUida is attended with great difficulty, 
since the character* of generic importance are but exceptionally preserved. The 
cup-shaped shells exhibit very little variation in form, and tbeir systematic position 
is nearly always doubtful in the fossil state. 

A single cast of a cup-shapod shell, in its external shape, more closely 
recalls the subgenus Phryx Blaschke (Gastropodcnfnuna dcr Pachyoardientuffe der 
Seiscralpe in Suedtirol, Bcitracge sur Geol. und Palteont. Oestcrrcich-Ungarns, 
etc., XVII, p. 174) than any genus of Patellida. Montfort (Conohyl. systeme 
1810, II, p. 54.) gives the following diagnosis of the genus Capulus: *' Coquille 
libre, univalve, en bonnet phrygion ; a sonimet plus ou moins aigu ou route, 
bouche entiere ; intdrieur marque de deux musculaircs. " K. v. Zittel (Handbuoh 
dcr PalaBOiOologio II, p. 216) adds to this diagnosis, that the apex is always 
directed backwards and that the musoular scars take the shape of a horseshoe. 
Such forms of Capulus, which are provided with a symmetrical apex, which is 
neither enrolled spirally nor shifted laterally, have b«*en distinguished from Capulus 
8. ». as Phryx by Blaschke, and have been elevated by this author to the rank of a 
proper subgenus. The only species of this subgenus hitherto known was Phryx 
bilateralis Blaschke (I. c. p. 172, Taf. XIX, fi». 9). Another triassic species, 
Capuhts Apollinis Boehm (Die Gastropoden des Marmolataknlkes, Palseontogra- 
phica XLII, p. 201), differs from Phryx by its spirally enrolled apex, which bas 
been shifted considerably to the right. 

The present shell agrees in its characters of suhgenerio value with Phryx 
bilateralis, not with Capulus Apollinis. Its aperture is regularly elliptical, rather 
wide. The shell recalls by its shape a low Phrygian cap with ite apox greatly 
removed posteriorly. The apex is neither enrolled nor twisted but contracted into a 
sharp and slightly incurved beak of symmetrical position. Musoular scars have 
not bocn noticed. 

From Phryx bilateralis the present species differs by the following 
characters : Tho summit of the shell is not situated centrally, but nearly coincides 
with the apical beak. Tho apex is not elevated above tho posterior margin 
of the aperture but removed anteriorly. The distanoe between the apex and tho 
posterior shell margin is considerably larger and less strongly concave. 

From all the triassic representatives of Patellida, which have been described 
by Boehm, Eittl, S. von Woohrmann, Koken, and Blaschke, my Himalayan species 
is distinguished by the ourved shape of its apical beak. I therefore deemed it pre- 
ferable to unite it with the subgenus Phryx among the family of Capulidas. 
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Gen. : Naticopsis McCoy. 



Naticopsis sp. ind. ex aff. obvallatjj Koken. PI. I, fig. 5. 

In making use of the generic name Naticoptit M Coy for a triassic species 
I am not in accordance with £. Kittl, who in his monograph of the Gasteropoda 
of the Esino limestone (Annalen deg K. K. Naturhistorisehen Hofmuseums XIV, 
1399, p. 25) reserves this denomination for Nalica ampliata Pliill, and its allies. 
But my materials are so scanty, consisting of two shells only, one of them rather 
incomplete, that I cannot detect such characters of distinction as might enable 
me to establish their generic determination with any oertaiuty. The only internal 
feature which I have been able to discover is the presence of a median tooth pro- j 
jecting from the inner lip, which is curved and flattened. This character clearly 
shows that our apocies has nothing to do with Nalica and its allies, but is not 
sufficient for its grouping among the family of Naticoptida. The most important 
characters for a generic distinction, namely, the reab&orption of inner walls in the 
earlier whorls, are not aocessible to examination in my example*. As it has been 
customary to group under the general head of Naticoptit suoh fossil shells as 
externally recall Natica, and arc not specially distinguished by some other characters, 
1 shall keep provisionally to this denomination. 

Among Alpine species the present one bears a close resemblance to Naticoptit 
obvnllata (Gastropoden der Trins urn Hallstatt, Abhandl. K. K. Geol. Reicbganst. 
XVII, p. 70, Taf. XII, fig. 5), from which it differs, however, by the insignificant 
depression of its sutures 

Shell globose. Spire with a pointed apex, whorls increasing rapidly. Last 
whorl inflated, with a regular aperture whose outline is somewhat flattened along 
the upper portion of the outer lip. 8trim of growth describing a curro, which is 
turned backwards considerably. 



CEPHALOPODA 



AMMONOLDEA. 



Amcrstoidsa. 



Fam. c.L.iDlsciTinx. 



Gen. : Cladiscitbs v. Mojsisovics. 



The genus Oladitdtet is rather richly represented in the fauna of exotic 
block No. 2. The majority of the specimens belong to representatives of Claditcitet 
«. distinguished by the serial arrangement of their 6ulural elements. Two 
species belong to the subgenus Uypocladitcitet (group of Claditcitet tubtornati). 
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Of the aabgotuia ParacladUcite* no representative is known to me, although from 
the triasaio belt of the main region of the Himalayas a species of this subgenus 
(Varacladitcitet indicua) has been described by E. v. Mojsisovios. 

LCwmaciTBa crassbstbiatcs v. Mojsisovies, PI. II, figs. 5-8; PI. IV, figs. 1, 2,8. 

1873. Arrertn rratKstriafut E. ». Moj»wjrie«, Oph il«ip>d*o d*r Hftltntaetter Ktllte, Abhtndl. K. Gael. 

Reiohnuwt- VI-L p 70. T»f. XXX, fig. 4. 
1902. Ci*di#-itr. crainrtriatHi E. ». Moj.iMric.. ibidem. ' Sapplemaotbd., p. MO. 

This is the most common species of the genus and, indeed, one of the leading 
fossils of the red limestone of exotic block No. 2. It attains considerable 
dimensions. My largest fragment, which has been illustrated on PI. II, fig. 7, is 
yet entirely chambered. As one more volution at least must be reckonod for the 
body-chamber, the diameter of the adult individual cannot have been less than 
160 mm. Thus the Indian types of the species are scarcely inferior in size to Alpine 
specimens from the Roethelstein, among which some examples, consisting of air- 
chambers only, have a diameter of 90 mm. 

I should not have ventured on a direct identification of my Himalayan 
examples with the Alpine species without a personal culmination of large materials 
from the Ilallstatt limestone of julic and tuvalio age. The most prominent 
features of the species have not been reproduced satisfactorily in the illustration on 
PI. XXX, fig. 4, of E. v. Mojsisoirios' memoir, as will be s«on from a comparison 
with the illustration of his type-specimen on PI. IV, fig. 9, of the present mono- 
graph. It must, however, be remarked that this type-specimen is of rather small 
size and that some of the specific characters of Claditeitee cratse»trut(ns, especially 
the angular shape of the cross-section and the insignificant development of strire 
on the siphonal area are loss prominent than in the mijority of specimens from the 
Hallstatt limestone. An illustration of an average-sized specimen from the 
Subbullatus beds of Austco is given on PI. V, fig. 5, of this memoir. 

The most iraportaut distinctive feature between Cl. crastestriatut aud 
other oongoneric forms in the carnic stage is the presence of distinctly 
marked angular margins, border ing the si phonal area. The siphonal area is 
gently arohed and separated sharply from the flat lateral parts. The width of the 
siphonal area is but slightly inferior to the greatest transverse diameter of the 
cross-soction. It is only in very young stages of growth (PI. II, fig, 8) that 
the marginal angles are rounded off. In lator stages of development the 
rectangular shape of the cross-soction is as distinctly marked as in Cl. morotus 
v. Mojsiaovics (1. c. p. 76, PI. XXIX. fig. 3) or in Paracladitcites diutumut V. 
Mojsisovios (1. c p. 39, Taf. XXXI, fig. 2). 

The volutions are comparatively high, the width of the shell being as a ru'e 
more than three-quarters of its length, but invariably inferior to the latter. 

Another feature of specific importance is the remarkable difference m the 
strength of ornamentation on the ventral area and lateral parts. The striation of 
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the lateral parts is rather coarse, especially so in specimens <>f large dimensions. The 
ventral area is either perfectly smooth or covered with very delicate longitudinal 
stria only. Examples with a si phonal striation, as distinctly marked as in the 
type-speoimen from the RoetUehtein (PI. IV, fig. 9), are quite an exception. 

DimentUm. 

PI. IV, fig. I. PI. II. fig. s. 

Diameter ol tie abell S3 mis. «i mm. 

„ „ umbilici* ...... 0 0 .. 

H.ight of lb« !h«0 ibore Ux umbilical ninn . 31 M 48 „ 

volution > n n preceding wbori 21 „ 27 „ 

ThieknMof the lut rolutian S5 ,. 34 ., 

Sutures.— 'Vhc sutural lino of this speoieB wns not known to E. v. Mojsisovics 
in 1873. I have succeeded in developing the sutures of a specimen from the 
Hallstatc limestone of the Roethelstein, although not in its details. The illustration 
represented in Pi. IV, fig. 8, is taken from one of my largest Himalayan examples. 
Tlie complication of the sutural lino renders its preparation extremely difficult. 

In the genus Cladiscile* s.t. special importance is attributed by E. v. Mojsisovics 
to the shape of the siplional saddle. Three external branches are developed, 
besides the bipartite culminating outer branch of the dimeroidie siphonal saddle. 
The arrangement of the lobes is typically serial, the lateral and auxiliary lobes 
standing at an equal level. The number ot auxiliary lobes is not exactly known 
to me. 

Remark*. — Among the species of CUtdiscHes from the triassic beds of Sicily 
which have been described and figured by Geinmcllaro (I cefnlopodi del trias 
supeiiore del la parte oc.cidentale delta Sicilia, Palermo, 11)01), CI Ferdinattdi 
Geramellaro (1. c. p. 275. Tav. XXIX, figs. 43, U) is probably identical with the 
present species. The species illustrated by Gemmcllaro is of small size, attaining a 
diameter of 20 mm. only, but it is provided with a part of its body-chamber. It 
recalls very strongly Cladiaci'f* craut$triatua. The features of distinction 
enumerated by Gcmraellaro, namely, the more delicate striation and the compressed 
shape of the lateral parts, are either insignificant or due to a misinterpretation of 
the unsatisfactory illustration given by E. v. Mojsisovics. 

2. Cladiscites of. Gorgi.e Gommellnro. PI. IV, fig. 5. 

lWi. Ctaditciitt fJorgi<t GemmnlUro, I I'cfalopiNli del Trinn anprriore Jrll* pint* occiiicoUle dell* Sicilia. 
p. 270. T»t. III. &gt. 10, 30 ; XXIII, 3-6. 

This species shows in its external characters a great resemblance to Cladiicitet 
Gorgice Gemm. from the carnir; limestone of Sicily. My Himalayan examples 
differing from tho European type in some subordinate details, the species is 
recorded here as CI. of. Oorgies. 

AU my Himalayan examples are entirely chambered but do not reach the 
dimensions of the largest typos from Sicily. They agree best in siiee and shape 
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with the specimen illustrated on PL HI, figs. 19, 20, by Gemmellaro. The 
width of the shell is either equal or inferior to the height. The specimen 
figured is as strongly compressed as the Sicilian types, whose dimensions hare 
beon chosen for standard by Gemmellaro. The flattened siphooal area is not 
marked off from (he gently and regularly arched flanks by sharp margins, but 
passes into them mire gradually than in Cl. craaaeatriatna. The umbilicus is 
closed, as in tlie majority of congeneric species. 

The ornamentation recalls Cl. craaaettriatua by the faint development of 
spiral striae in the si phonal region. Transverse striee of growth hare not been 
noticed in any of my specimens, whereas such hare been mentioned in the diagnosis 
of the Mediterranean species by Gemmellaro. 

Dimensions. 

DiMMl.r of the ihall ", ,49 mm. 

„ „ ,, umbilicus , , 0 „ 

Htightof lb* Wrtl »bo« tb« umbilical Mitor. J» „ 

Toluiion t „ jttKMdlng whoil 14 „ 

Tbickn«*»of th« l»»t Tolotian 26 

Saturn.— I have succeeded in chiseling out the inner nucleus of a large speci- 
men, which shows the sutural line fairly well. It agrees very closely with the 
sutures of Cl. Gorgiee, as illustrated by Gemmellaro on PI. XXIII, fig. 5. 

There are from seven to eight saddles counted from the umbilical suture to the 
middle of the siphooal area. Their stems and branches arc thinner than in the 
majority of congeneric species, perhaps, even a little more robust than in the 
Sicilian type-specimen of Cl. Qorgim. All saddles are distinctly dimeroidic. In 
the main saddle each portion of the dimeroidic top is again subdi?ided into two 
smaller secondary phylla. The arrangement of lobes and saddles is typically serial. 
The siphonal lobe is the deepest. The lateral lobes show a tripartite arrangement 
of their basal branohes. 

3. Cladisoitks of. PU81LLUS v. Mojsisovics. PI. IV, figs. 6, 7. 

1873. Artttlet pn*ai»t B. t. Moj«i*o?1ca, Caphalspoden d*r HalUlaalier Killer. AbhaalL K. K. 0«o. 

IUicb»a.t. VI t, p. T7. T«f. XXVIII. 6g. 4. 
1902. aadittitu p-uiil-* E. r. MojiuotUx. lUdrca, Soppkntatbd, p. 28L 

Having E. v. MojsisoricV typo-specimens of Cladiacite* craaaeatriatua, Cl. 
purillus and Cl. slriatistimus at hand for comparison, I find their distinction 
from eaoh other and from Cl. Gorgiee Gemm. a difficult matter. All of them 
are certainly most nearly allied and differ by very subordinate dotails only. 

The type-specimen of Cladticitet piuillut from the EUiptiem beds of the 
Roethelstein is a small Ammonite of 21 mm. in diameter (noi 28, as has been 
stated by E. v. JJojsisovios). Its cross-section is of nearly equal height and width. 
The lateral parts are very gently arched. The demarcation between them and the 
flat siphona. area is not so sharp as in Cl. craaaeatriatut, but a little sharpor than 

c 2 
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in 01. Oorgia. The only distinction which I can find in the ornamentation is 
confined to the very delicate etriation of tbe lateral and siphonal parts. The latter 
ia not smooth as in the majority of examples of CI. erauettriatm. An equally 
delicate atriation ia found in CI. ttriatiitimun v. Mojsisovioa (L c. p. 77, Taf. XXX, 
fig. 1), hot this species is more strongly inflated, and the ventral area is considerably 
less broad tban the largest transverse diameter of tbe shell. 

With the type-specimen of CI. putillut some Himalayan representatives of 
Claditcitet agree very well in their external shape and sculpture. Both the flanks 
and siphonal part are oovered with numerous and thin conoentric striae. Their 
transverse section is less distinctly angular than in CI. crauestriatut, but in this 
respect transitional shapes bet woe n the two species are known to me. 



DitMnrioni. 

K. v. UojtWio- Hiroslajao 
tjpe-iprtiman ip^ciroen 

(PI. XXVIII, fig. 4). (PI. IV. 8g.7). 
Diameter of 1U« (ball ... . 4i turn. 27 nun. 

„ ,. „ ambition 0 ,. 0 „ 

H«gUl of tbe l»»t r aW tbe qiol.iUo! .uture . U „ IS ., 

volotion ( .. „ proofing whorl . 7 „ 7 „ 

Thidknet. of tho lint wlulion U „ IS „ 



Suiuret.— Not known in detail. 

4. Cladiscitkb sp. ind. cf. Cokacis, Gemm. PI. V, fig. 4. 

A single, imperfectly preserved specimen of a large Cladiacites is mentioned 
here on account of its resemblance to CI. Coracia Qemmellaro (I cefalopodi del 
Trias supcriore dclla rogione occidentale dclla Sieilia, p. 273, Tav. XXII, fig. 7 ; 
XXIII, Ogs. 1, 2) from the carnic limestone of Sicily. It is strongly compressed, 
high-mouthed and considerably higher than broad. The lateral parts are regularly 
although gently arched. Their greatest transverse diameter is situated below the 
middle of the height. They unite with the flattened siphonal area without form- 
ing a sharp angle. The concentric striation is ooarse and not restricted to the 
lateral parts, as in CI. oraaaettriatui. 

The affinity with CI. Coracia shows itself in the shape of tho cross-section and 
in the strong compression of the whorls. From Bypocladiacile* aubtontaiua and its 
allies, which are also provided with strongly compressed volutions, our species ia 
distinguished by its fiat siphonal area and by its more distinctly defined lateral 
margins. 

Dimensions. 

Diiattii of tt« thell . , 89 mm- 

„ „ ,, nmbilicu . . • 0 „ 

Height o! tt«l«tt.boT.theamMl»»l I »u™ 53 ,. 

volutiop t „ „ preening whorl » 

Thiekocoftb. Intention » <• 
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Bemarke. — The specimen has been referred provisionally to Claditcite* Coracis 
as »p. ind., but its possible connection with the subgenus Hypocladitcitet cannot be 
excluded, the sutural line being entirely unknown. 

8ubgen. : Hypocladiscitms v. Mojs. 
5. IIyfocladiscitbs sUBCABiXATUs Gemmellaro. Fl. IV, fig. i. 

1004. HvpoctatiitciU* mhcarinatut O.mtntlUrv), I oofalopoJI del Trian «uporior» delta teg ione oooldenUlo 
"delta Sicilta, p. 270, T.r. XXII, 6*t. 8-11 ; XXV, 6g. 21 ; XXVI, op. 1, 2. 

This species of the upper carnic limestone of Sioily is represented in A. v. 
Krafft's collections by numerous aud well-preserved specimens which permit of an 
accurate determination. The largest of my Himalayan examples, which consists 
of air-chambers only, has been chosen for illustration. 

In its general sha|>c this species recalls Cladiscites craaseatriatus v. 
Mojsisovica, especially in the rectangular outlines of its cross-section, but in the 
character of its siphonal aron it is at a glance distinguished from all congenerio 
forms. The siphonal area is slightly excavated, forming a shallow depression, 
which is interrupted in the middle by a low aud rounded keel. The two marginal 
elevations separating the depressed siphonal area from the lateral parts are higher 
than the median keel and inor» broadly rounded. The lateral parts are very gently 
arched. Their greatest transverse diameter is situated in the umbilical region. 

Both the median keel and the rounded marginal elevations are developed at 
very early stages of growth. I have seen them clearly marked in a chambered 
nucleus attaining a diameter of 10 mm. only. Thus a determination of this spocies 
is even possible if inner nuclei of small size only are available for examination. 

The lateral jxarts are covere l with numerous and delicate longitudinal stria?. 
On the siphonal area those strise are still more delicate and are gradually obliterated 
in the direction towards the median keel, which remains freo from any sculpture. 
Transverse striae or folds, as noticed by Gemmellaro in a minority of his Sicilian 
specimens, are entirely absent. 

The strongly inflated varioty which has been mentioned as Hypocladiscitea 
not. form. ind. prox. S. tubcarinato by Gemmellaro (1. e. p. 28o, Tav. XXII, 
figs. 12, 13) is not represented among my Himalayan materials. 

Dimension*. 



Diameter «i the ■hell 87 mm. 

„ „ „ umbiliew 0 „ 

Height of the tatt (above tbe umbilical uUire 285 „ 

Miration I „ „ preceding whorl H „ 

Tincknnw if the lul Tolutieu . . . . . . . . . 16 „ 



Sutures. — Not known in detail, but in their general arrangement agreeing 
with the illustration on Tav. XXV, fig. 21, of Gemmellaro's memoir. The second 
lateral lobe is considerably deeper than the following lobes. 
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6. Hxpocladiscitbs SVOA.BATUB v. Mojsisovics. PL IV, tig. 3. 

1806. C! ad i trite* ef. mbtornatut E. t. VojntoTii* in Dietier, ErgrbnlMi *In*r neolog>*rtwo Eipeiillon in 
dm Ceutral-Himil»>», «tc Dsnkwhr. Kail- Ak«l. i. Wimrnuh. LXU. p. 54(4. 

1696. Cladinit" tHspoclaJinih;) tuboratn, E r. Mo|«iH.Ti r .. Ob.rlrl.Jiwh. Opl>»i..po<W«ii*D d«-» 
Hin.la™. Drak-.br. kaU. Akad. d. LXIII, p. 667, Taf. XX, 6g. 3. 

18W. CMmtitf (ffypecladi'citrt) nbarat«t K. ». MrjiiKAri**, PaUnml. Ind. rar. XV. HiwilnjM Poei , 
Vol. HI, Pt. I, p. 10S, PI. XX, fig. 2. 

A species of Sypocladiscitet from the oarnic Daonella beds of Lauka, which 
in its outward shape agrees very closely with H. tubtornatut, lias been separated 
from this Alpine form by E. v. Mojsisovios, on acoount of some differences in its 
sutural line. 

Some fragments of high-mouthed and strongly compressed Claditeitidm in A. 
r. Krafft's collection must be united with Hypocladucile* tubaratut. The close 
agreement of the sutures will be recognized by comparing the illustrations. In my 
specimen the principal lateral saddle is still higher and broader, and is provided 
with more richly serrated lateral branches than in the typo illustrated by E. v. 
Mojsisovics. Thus the features of distinction Ivetween H. tubtormtus anil H. sub- 
aratue are still more strongly marked in the present example than in the specimen 
from the Duonella beds of Lauka. 



Fam. : ARCESTIJhE. 

Gen. : Akgkstks, 8ness. 
7. Arcestes cf. pebiolcus, v. Mojs. PI. Ill, fig. 1. 

1873. Arttsttt pertotcn E. t. MojaiMtiM. Oph.lopodeo Art Htllttaeltrr Kalke, Abhandl. K. K. Geo}. 
KekUaoit. V J-l, P . 10*, T»I. L, fiici. 1-3 ; LII, ftgi. 4, 41 ; LIII. fig. 87. 

My type-specimen is of large size, nearly complete, and has its peristome 
entirely preserved. It recalls most closely the Alpine Arcettea periolcua, both 
in its general outlines and in the development of a spiral sulcus surrounding the 
widely open umbilicus. 

Of the penultimate whorl a small portion only is accessible to examination. 
It is globose, regularly rounded, smooth and without any constrictions or varices. 
The last whorl changes its shape in a manner agreeing with that in A. periolcua. 
The greatest width of the flattened siphonal area corresponds to the peristome, 
whereas it is most strongly compressed in the opposite middle portion of the whorl. 
The lateral parts are flattened. The umbilical wall is vertical and separated from 
the adjoining parts of the flanks by a raised marginal band, which is bordered 
externally by a shallow spiral sulcus. This sulcus is lower than in the majority of 
Alpine specimens, which have been united in this species by E. v. Mojsisovics. 
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The aportural margin is strongly contracted in the middle, and protraoted into 
two lateral lappets in the si phonal, region. This is the normal shape of the peri- 
stome in the group of Arceatet coloni. 

The shell is nearly smooth. It is only in the vicinity of the peristome that 
delicate strite of growth are developed, following in their direction the outlines of 
the apertural margin. 

Traoes of transitorial paulostomes, as have been noticed by E. v. Mojsisovios in 
some of his European examples, are altogether absent. 

DimentiOM. 

DUmeter of tbe ihrll 

ThiikDM. }o«»b.UrtTOlatiou .... 

Sutures. — Not known. 




2. AacESTES of. RiCHTnoKKNi v. Mojsisovics. PI. Ill, fig. 2. 

Is73. Arttntr* Richtkoftai E. ». Moj>i.»vie<, Die Crp!mln|«4«i Am H»ll»Uett«r K*lk*, Abhundl. K. K. 
Ore). Rrichnnt, VM, f . 133, Taf. XLIX, tip.. 4, 5 ; 1,111, fig. IB. 

The only specimen availablo for investigation is a nearly complete cast, with 
its peristome almost entirely proserred and with large portions of the shelly 
substance adhering. It recalls very strongly the European Arceste* Richtho- 
feni from the julic stage of tlie carnic Hallstatt limestone. 

The apertural margin, although partly injured, is sufficiently well preserved to 
indicate the absence of any emargination along the broadly flattened siphonal area 
as is noticed in tbe majority of Arcestidm. In this character it agrees exactly 
with the apertural margin of A. Jtichthofeni and A. agtmttu. Peristome contract- 
ed laterally ; umbilicus narrow, but open, not closod by any callosity. Siphonal 
area tlattenod iu the vicinity of the peristome, but sharply rounded and narrow 
in the opposite quadrant of the last volution. 

E. v. Mojsisovii s noticed in one of his specimens an iuternal siphonal ridge, 
which was, however, restricted to the quadrant of the volution bordering the 
aperture. This internal siphonal ridge is clearly developed in my specimen, as is 
obvious from the illustration. Where the shelly substance has been preserved, its 
surface is perfectly smooth, but in the cast a deep impression of rectangular cross- 
section follows tbe median line of the siphonal part, marking the presence of an 
internal ridge. This ridge was probably intended to protect the siphuncle, which 
is situated more internally. Similar internal ridges have been described in 
Phyltocerat uermcesense Herb, by Waehner (Beitraege zur Palreontologie Oester- 
reioh-Ungarns und des Orients, Bd. XI, p. 176). Casts of this species, in which a 
deep impression marks the place of the original shelly ridge, have been described 
as Phylloceras aulonotum by Herbich (Das Szeklerland, Mitteil. aus dem Jahrb. 
dcr Kgl. ungar. geol. Anstalt. Bd. V, p. 115). 
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DnnwUref IbxhiU Mm 

*5 



H.ight of (h« U.I f abo«> lh« n»b.lieal .utu« *> 6 , 

TolQtiua I .. ., pfecrding whorl » 

ThkknwofthelutToJution »1"6 , 



Sutures.— Not known. 



3. Arcbstes sp. ind. afF. decipiens v. Mojs. PI. VIII, fig, 8. 

A single nucleus, consisting of air-chambers only, most probably is related to 
Arceatea decipiena from the tuvalic substagc of the Hallstatt limestone. 

It agrees with this specict in the presence of a very narrow umbilicus and 
remarkably strong constriotions. The greatest transverse diameter coincides with 
the rounded-oil siphonal margin, from which the lateral parts converge very 
gradually towards the umbilicus. 

The only difference between the Alpine and Himalayan forms consists in the 
direction of the strong constrictions, which in my specimen are not turned back- 
wards in crossing the siphonal area, as they are in Arceatea decipi»»a E. v. Moj- 
sisovics (C#iplialopodon der Hallstaetter Kalkc, 1. c. VJ-1, p. 133, Taf. LIV, figs. 
2, 3). 

Dimenaiona. 

Plan «t«r of ti e .hell 11 ram. 

umlnliciu M». 1 „ 

tm!£L {1? ;; 

Suturea.—'Sot known. 



-1. AttCESTES Cf. PLACENTA V. Mojs. PI. IX, fig. 1. 

1S73. AreuU* plMMia K. r. Moj.iMrie,. CpUalopoden d« lUll.UMter Kalle. Abb.ndl. k\ K. GtuL 
Bt«h M | U *. VM, P . 106, Taf. LV, 6*. 2-7. 

A single but nearly complete speoioion of Arceatea recalls very closely 
A. placenta v. Mojs. from the tuvalic Hallstatt limestone of Aussee. It is of larger 
size than full-grown European cxamplos, but agrees with them in all characters of 
specific impartance as far as such are accessible to examination. 

The whorls are moderately compressed and provided with flatly arched lateral 
parts. The umbilioua is small but not closed. Siphonal part broadly rounded in 
the vicinity of the aperture and in the corresponding quadrant of the last volution, 
but the difference in width between this and the opposite quadrant is not consider- 
able. Peristome slightly onoarginated along the siphonal area but not contracted 
along the lateral parts. 
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There are also some Alpine specimens in the collection of the K. K. Geolo- 
gischc Reichsaustalt in Vienna, in which this lateral contraction of the peristome is 
almost insignificant. 



Dimeter of the .Ml 65 m 

,. ,. umbllieiu VS 



Hefcbt of too W r abort tb« orobilie.1 .nturo 34 

▼olutioo I ». preceding wborl 



of tbe but rolutUm 31 ., 

Sutures.— Not known. 

Subgen. : Proascsstes v. Mojs. 



1. Pkoarcbstes Gaytani, v. Klipstein. PI. Ill, figs. 3, 4, 5, 7, 8. 

1845. Ammoailrt Gaytani t. KligisMin. Boitnwgt for geologiwbcn Kenntnit dor ontlieben Atpm. p. 1D>, 
Taf. V.fig.4. 

1647. Ammnoiu* Gagta*i P. x. Haiwr, Ncus Ophatopodcu »on Auw, H»idlojr*r. Salttrwiwenaehaftl. 
Abbandl. I. p. S67. 

Anmouitti Oatfani V. v. Hauer, Kent Ctpbalopodon van HalUtutt nod Aaawe, ibid, III, p, 17, 
Taf. IT. figs. 13. 11 

1869. Aivrttr* Gaytani Loubr, Faana dor SchichUn too St. Cohuui, D«nk»chr. Kau. Aliad. d. WftMnwfa. 

math- oat. CI. XXX, K<1. p. 8B, Taf. XMIt, Eg. S. 
1873. Arcette* Otytaiti E x. Moj»i*>rlca, Die Ctiphalopoden der Hallatactttr Kalke, Abbandl. K. K. Geol. 

RiticbaaiiM. VI I, p. 10O, Taf. LVIII, figs. 1—3. 
1902, Pnyancdti Ci^iiu E. v. MojaiaoTwt. ibidem, Sappleu^atbd., p. SS9. 

19<». Pnantda Gaytani Q. x. Artbaber, Dm ulpine Truta it, Mediterrang«biet*«, Irftbaft, iMMcoica I. 
Taf. XtIV, tg. 3. 

1909. rWjr-erjfV. rf. Gaytani Dienar. Paiina of lb. Tropitw liniMtone of Bran*. PJaonL Ind. m. XV, 
?„]. V, Pt. 1. p. 177, PL XII, tig*. 10, 11. 

It is this well-known species of the julic substage to which a considerable 
number of Arcestida in A. v. Krafft's collections can be safely assignod. The 
character of the sutural line is that which is peculiar to the group of Areeste* 
bicarinati, and which is distinguished by tbe presence of a moderately high and 
richly serrated median prominence. From Proarceatea bicarinatua Miiost. and 
from P. Atisseanua v. Hauer our species differs remarkably by its less globose shape 
and by the faint development of varices. On the other hand the majority of 
specimens agrees very closely with P. Gaytani. 

In some of them, it is true, the flattening of the lateral parts is loss strongly 
marked than in typical shapes of P. Gaytani. This is especially tbe case with 
inner volutions, exactly as in the examples from the Tropites limestone of Bjans, 
which hare been referred to the preseat species as ef.'va Himal. Poss., Vol. V, Pt. 1. 
Tbe specimen illustrated in fig. A affords a good instance of this character. In the 
penultimate whorl, which consists of air-chambers only, tho lateral parts are 
almost regularly rounded, describing a graceful and uninterrupted curve from the 
siphonal convexity to the rounded-off umbilical margin. In tbe last volution, 
however, which has been partly preserved, the lateral parts are high, compressed 
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and flattened as distinctly a* in fall-grown individuals from the carnic Hallstatt 
limestone of the Satakammergut. This specimen is scarcely inferior in siae to the 
largest European examples which have been noticed by E. v. Mojsisovics. 

The umbilicus is widely open, both in chambered nuolei and in specimens 
provided with their body-obambers. Constrictions on varices arc but faintly 
marked, confined tt> inner nuclei and often entirely absent. No constriction has 
been noticed in the example illustrated in fig. 5, whereas in the two nuclei, 
illustrated in figs. 7 and 8, two varices are counted within the circumference of 
the last whorl. Their dircotion is nearly straight with a convexity slightly 
turned forward in the siphonal area. 

Dimensions. — The measurements of my largest specimen (fig. 4), with a portion 
of its body-chamber preserved, are as follows :— 



roftb«»h*ll ib. 86 1 

„ nmbilicu* 8 

Height of tb.f»b<rw Ike «mbai«l.atuw> ...... *5 

la*t volatioa C » .» pMctdioi; »h&ri ...... IS 

Thickse.. Of tb. I 

Sutures.— Agreeing entirely with those of the Alpine types of P. Oaytani. 



2. Proaucestes sp. cf. Ausskanus v. Hauer. PI. Ill, fig. 6. 

The comparatively high and serrated median prominence of the siphonal lobe 
proves tbis species to be a representative of the srroup of Arcestes bicarinati. 

The only specimen available for examination is an inner nucleus with part of 
the last volution adhering, which is yet entirely chambered. It shows three con- 
strictions, whioh are narrow and faintly developed, as in inner nuclei of Arcestes 
Ausseanus v. Hauer (Haidingers Naturwissenschaftl. Abbandl. I, p. 268, Taf. 
VIII, figs. 6-8). From typical shapes of Proarcestes Ausseanus, as illustrated by 
E. v. Mojsisovics (Cephalopodon der Hallstactter Kalke, Abhandl. E. K. Qeol. 
Reiohsanst. VM, Taf. LI, figs. 1, 4) my specimen differs by its less globose shape, 
although its height is yet considerably inferior to its thickness. 

Dimensions (of the nucleus). 

Dumeurtf thttholt 39 mm. 

., „ umbilicus 3 „ 

S&U 2 : 

Sutures. — Agreeing entirely with those of Proarceste* Ausseanus. The princi- 
pal lateral lube is situated on the convexity, by which the siphonal area passes into 
the lateral parts. Two auxiliary lobes outside the umbilical margin. 

Semarks.—tSy scanty materials do not allow one to decide the question of 
specific identity or close affinity of the Himalayan shell witb the European 
P. Ausseanus. 
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Proarcbstes (?) sp. ind. ex aff. Barrandei Laubc. PI. VIII. fig. 5. 

The systematic position of the only specimen available for examination is 
somewhat doubtful. It is only on account of its external similarity with Arcealea 
Barrcmdei Laube (Die Pauna der Schiohten von St. Cassian, Denksohr. Kais. Akad. 
d. Wissensoh. Bd. XXX, 1869, 5. AM. p. W, Taf. XLIII, fig. 2) that I have united it 
with Proareealea, not with Arceatra a. a. It must, however, be borne in mind, that 
not even the connection of Arceatea Barrandei itself with the group of Arceatea 
eztralnbiati (Proarccates) has been ascertained by E. v. Mojsiaovica (Cephalop- 
oden der Halls tact ter Kalkc 1. c. VI-1, p. 91), although the suture* exhibit some 
characters peculiar to this group. 

In its general shape my specimen agrees with Proarceatea Barrandei, especially 
so in the outlines of its transverse section, but it differs remarkably by the presence 
of a large and widely open, funnel-shaped umbilicus. The inner volutions are 
globose and strongly inflated, the place of greatest inflation corresponding to the 
rounded umbilical margin. In the last whorl, which apparently belongs to the body- 
chamber, the regularly rounded si phonal part becomes considerably narrower, the 
transverse seotion thus assuming a oordiform shape. No traces of furrows are 
noticed on the body-chamber volution preceding the aperture, but a shallow 
contraction is marked on the cast of the penultimate whorl. 

Dimensions. 

Piamrtcr nf thr nh«)l 57 mm. 

„ H umbilicus . 

t^L}'*^^^™ « : 

Sutures. — As far as known, agreeing with those i>f P. Barrandei. Median 
prominence moderately high and laced at its base by converging digitations of the 
siphonal lobe. Siphonal saddle not perfectly symmetrical, but with larger external 
branches. Number of auxiliary lobes not known exactly. 

Pkoaticestbs sp. ind. (group op extralamati). PI. VIII, fig. 4. 

Among the Arccalida from exotic block No. 2 a species belonging to the 
group of extralabiati is rather richly represented, although by incomplete speci- 
mens only. In none of them has the body-chamber been entirely preserved, nor 
have I succeeded in developing the sutural line. The relation of this species is 
therefore based on its external features only, exactly as in the case of P. Danai 
v. Mojsisovics (Cephalopoden der Qallstaetter Kalke, 1. c. Vl-1, p. 93, Taf. LVII, 
fig. 4,), to which specieR it appears to be most nearly allied. 

In the specimen illustrated, the innor nucleus is globose with siphonal and 
lateral parts regularly rounded. In the last volution the lateral parts are flatly 
arched and marked off indistinctly from the broad and flattened siphonal area. No 
constrictions or varices have been noticed on the inner volutions as far as they 

D 2 
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have been exposed, but, near the aperture, the shallow furrows and folds character- 
istic of the group of Arcestea extralabiati make their appearance. In a second 
specimen these furrows are eyen more strongly marked and deeper than in the 
present one, but their exact number is not known to me, the body-chamber being 
incomplete in all the examples available for examination. 

From Proareestes Danai our species is distinguished by its more slowly 
increasing whorls and by its narrower umbilicus. 



Di»nwt«r of th« tbell cc*. 07 mm. 

Height of the (»W«th. nmbilifiil «-ilur« 2» " 

priding whorl 7 „ 

Thicknem of the list volution . . . 30 „ 



> list T 

Sutures. — Not known 



PINACOCERATITOIDEA. 



Fam. : L YTOCEHATlhjE. 

Gen. : Phyllocbbas Suess. 

Subgcn. : Discophtllitks Hyatt. 

There is much discrepancy of opinion among different authors as to the range 
and interpretation of the subgenera of the genus Thyllocera* Suess. The majority 
of triassic species have hitherto been grouped with the subgenus Mhacophyllite$ v. 
Zittel, but there are strong reasons against the correctness of this grouping, which 
seems to be nt variance with the circumscription or lihacophyllites, introduced in 
the memoirs on liassic cephalopod faunas. 

K. v. Zittel (Handhuch der Palteontologie II, p. 139) proposed the new sub- 
genus (or geuus) Rhacophyllites for the accommodation of such species of Phyllo- 
ceras as are distinguished by wide umbilici, by a steep umbilical slope, aud by a 
smaller number o( auxiliary lobos than are noticed in typical shapes of Phyllocerat. 
In this interpretation, Rhacophyllites comprises species of triassic, liassio and even 
jurassic age (Phyll. tortitulcatum d'Orb.) and is not at all identical with a group of 
Phylloccras for which E. v. Mojsisovica (Gcphalopodon der Mediterranen Triaspro- 
vinz, Abhandl. K. K. Ueol. Reichsanst. X, p. 151) had claimed a special systematic 
position, chieQy on account of its body-chamber differing materially from the 
chambered portion of the shell, and on account of a special arrangement of the 
auxiliary series, which is united into a sloping suspensive lobe. 

Geyer in his valuable memoir on the liassic Cephalopoda of the Hierlatz near 
Hallstatt (Abhandl. K. K. Geol. Rcichsanst. XII, p. 228) agree* with E. v. Mojsi- 
sovics in attributing a paramount importance to the character of the body-chamber 
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and sutural lino, and not to the widely umbilioated shape of the whorls. Accord- 
ing to hi* view special stress ought to be laid on the difference in the terminal 
phylla of tbe saddles, whioh are regularly oval in Phylloceras, conically elongated 
or club-shaped in Rhacophyllites, and on the position of the branches which in 
Rhacophyllites never produce an angular goniculation of the stems of the main 
saddles, as is commonly noticed in typical speoies of Phylloceras. 

This interpretation of Rhacophyllites would make v. Zittel's subgenus include 
Phylloceras ptilomorphum Ncum, or Ph. planispira Reyn. but would peremptorily 
exclude triassic species of the groups of Ammonites debilis v. Haucr or Ammonites 
neojurensu Quenst. 

In his memoir on the liassic Cephalopoda of the Schafbcrg (Abhandl. K. K. 
Geol. Roichsanst. XV, p. 74) Gcycr does not any longer insist on differences in tho 
shape of the phylla, but considors the presence of an abnormal body-chamber and 
of a suspensive lobe as the only distinctive features on which a generic separation 
of Rhacophyllites and of widely umbilicated species of Phylloceras s. s. ought to 
be based. 

Waehncr in his '* Beitrnege lur Eenntnis der tieferen Zonen des unteren Lias 
in don nordoest lichen Alpen " (Beitraege zur Palseontologie Oesterreich-Ungarns, 
etc., XT, Bd. p. 173) is altogether averse to a generic separation of Phylloeerat and 
Rhacophyllites. According to his observations the widely umbilicated shapes 
allied to Phylloceras stella, which might be considered as descendants from triassic 
Phylloceratida, are most intimately connected in the lower lias with narrowly 
umbilicated species agreeing with tho typical forms of Phylloeerat, no important 
characters of difference affording any clue for their generic distinction. 

In the palmontological works of E. v. Mojsisovios three different view* 
havo been taken regarding the classification of triassic species of Phylloceras. Tn 
1882 (I. c p. 151) this learned author advocated the generic separation of Am- 
monites eximius v. Hauer and of A. lariensis Menegh. from Phylloceras on 
account of their abnormally shaped body-chirnbers. In this now genus 
A. rakosemis Ilerbich, A. transsylcanicus Ucrbich, and A. mima tarns d'Orb. 
should be included, with J. exi miw as prototype, but tho majority of triassic 
species ought to be left with Phylloceras a. s. In the description of the upper triassic 
Cephalopoda of the Himalayas (Pal. Ind. ser. XV, Kimal. Foss., Vol., Ill, Pt. 1, 
p. 114) the triassic forms which are grouped round Phylloceras neoj urease and 
had been assigned to Rhacophyllites by Zitt-ol and Steinmaun are explicitly consi- 
dered ns direct ancestors of the liassio Phylloceratida and as true representatives 
of the genus Phylloceras. 

" Phylloceras neojurense and its contemporaries from the same group "— E. 
v. Hojsisovics remarks — " are distinguished from tho typical representatives of 
the genus Phylloceras, as, for instance, from Ph. heterophy Hum, only by tbe 
wider umbilicus and by the smaller number of auxiliary saddles, connected with 
the lessor degree of involution. Out of the evolute species of Phylloceras are 
developed on the one hand the strongly involute typical speoies of Phylloceras of 
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the Jura, and on the other hand the subgenus Rhacophyllitet Zittel, which is 
distinguished by inclined auxiliary lobes and a variable body-chamber and in 
confined to the lias." 

From this diagnosis it is ovident that E. v. Mojsisovics has adopted the subgenus 
Rhacophyllitet in a much narrower circumscription tha*i it had been established 
originally by K. von Zittol and that in 1899 none of the triaasio species of 
Phyllocerat were by himself considered roferable to this subgenus. It must, 
however, be remarked that one triassic species at least, Phylloccra* occult urn 
v. Mojs. (Abhandl. K. K. Geol. Reiehsanst. VM, p. 3S, Taf. XVI, figs. 3-6), oiust 
be included in the subgenus Rhacophyllitet, even if the latter is taken in the 
narrower circumscription, as is evident from the shape of its body-chamber, 
differing from the chambered whorls by the development of broad transverse 
plications. 

In 1902 E. v. Mojsisovics entirely abandoned his former view and adopted 
Rhacophyllites in the original circumscription proposed by v. ZitteL In the supple- 
ment to the Cephalopoda of the Hallstatt limestone (Abhandl. K. K. Geol. Reiebs- 
anst. VI-1, Supplem. p. 317) he states the practical advantages of retiining 
the name of Rhacophyllitet for all the widely umbilicated Phylloceratidte of 
triassic age, whioh K. von Zittel himself had enumerated among tho leading 
types of his now subgenus. 

It is to tuese triassic types of the genus PhyUncerat, as Fh. neojurente 
Quenst., not to the liassio species of Rhacophyllitet, that the Himalayan form, 
which I am going to describe, is most nearly allied. If we accept the 
subgwneric designation of Rhacophyllitea for tlii« species, it would mean a 
contradiction of the majority of author* dealing with liassic ammonites, who in 
their memoirs have accepted RMcophyllUes in the narrow interpretation pro- 
posed hy Geyer. If we wish to choose a proper subgeneric name for the widelv 
umbilicated Phyllocera/a of triassic age, we must make use of the name 
Discopliyllite*, which has been proposed by Hyatt for the group of Phyllocerc* 
patent (Zittel's Textbook of Palaeontology, Vol. II, p. 566). 

No diagnosis of Discophyllites had been given by Hyatt, who was content 
with fixing the prototype of his new subgenus. £. v. .Mojsisovics (Cephalopoden 
Hallstaetter Kalke I.e. VI-1, p. 31*) restricted the name to such types as he 
considered to be transitional shapes between Monophyllitet and Phyllocerag (or 
Rhacophyllitca in the wider interpretation). But in including Phyllocerai Ebnert 
v. Mojsisovics (Himalayan Fern. 1 c. Vol. Ill, Ft. 1. p. 110, PI. XIX, fig. 6) among 
them, he was misled by an erroneous reconstruction of the sutures of the strongly 
weathered type-specimen of Phyllocera* hbneri from the Daoneila beds of Lauka. 
As I have shown in my memoir on the fauna of the Tropites limestone of Byaus 
(Himal. Foss. I. c. Vol. V. Ft. 1, p. 173), the sutural line of excellently preserved 
examples from Kalapani and Lilinthi exhibits a distinctly diphyllic development 
of the siphonal and a rich foliation of the principal lateral saddles. It is only in 
the second lateral saddle that tho monophyllic plan is still clearly marked. Thus 
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this species is, indeed, a transitional shape connecting Digoophy titles patent 
most intimately with the rest of the widely umbilicated Phylloceratida of triassio 
age. 

We should not be in contradiction with Hyatt's views in uniting all triassio 
Phyllocerata with Ph. paten* in the subgenus Diteophyllites, all these forms 
being linked togothor very closely and differing among each other by feature* of 
specific value only. In this narrow interpretation both Ditcophyllilet and 
Shacophyllitee would comprise well-defined groups of subgenerio rank. A third 
group of widely umbilicated Pkylloeerata of liassic ago corresponds to Hyatt's 
subgenus SehUtophyUocerat. 

Discopbyllitbs Floweri iiov. sp. PI. VIII, fig. 2 ; IX, fig. 2. 

An examination of extensive materials of this species has convinced me 
that it must bo separated from the European Ditoophyllitet neojureniie Quenstedt 
(Cephalopoden, p. 255, Taf. XIX, fig. 8) on account of some subordinate but 
constant features. 

In its external shape one of the most remarkable characters of Ditoophyllitet 
Floweri is the considerable height of the whorls. In D. neojurensit the height and 
width of the volutions are nearly equal. Among my materials, consisting of more 
than twenty individuals, there is not a single one in which the proportion of 
the height and thickness were not conspicuously in favour of the first dimension. 
This remark applies equally to smaller and largor examples. In this character 
our Himalayan specios more strongly recalls Diaeophyllitea Ebneri Mojs. than 
J), neojurentie, with which it otherwise agrees in all the rest of the external 
features. 

Subordinate differences are also exhibited in the arrangement of the sutural 
line. The general struoture of the sutures is the same in both species, and a close 
examination of their details is needed for observing the points of difference. 

All the main saddles are distinctly diphyllic, exactly as in D. neojurensu. 
The illustrations of the sutured line of the latter species, as reproduced by £. v. 
Mojsisovics (Cephalopoden der Hallstaetter Kalke VI, Supplemented. Taf. XXIII, 
figs. 2, 3) after Quenstedt and P. v. Hauer, show the constancy of all the characters 
of importance, notwithstanding a certain individual variability in some minor 
details. From a comparison of those illustrations with the sutures of D. Floweri 
the following differences are evident : — 

In D. neojuremu the saddles are more richly serrated, the terminal phylla of the 
saddles are wore slender and elongated, the stems are very narrow, especially near 
the base. In the main saddles of D. Floweri the base is broad and the terminal 
leaves are very large, recalling in this respect D. Zitteli v. Mojsisovics 
(Cephalopoden der Hallstactter Kalke, 1. c VI-1, p. 318, Taf. XVII, figs. 3, 4). Of 
the two terminal leaves in the siphonal saddle the internal one is decidedly the 
lower in D. neojureu»u, whereas it is the higher one in D. Floweri. There are three 
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auxiliary lobes present in the Himalayan species, the third one boing divided by the 
umbilical suture. They slope obliquely towards the umbilical suture, but 
are not united into a suspensive lobe, as in typical species of the subgenus 
Rhacophyllite* Zittel. 

Dimentiom. 

PI. VIII. fig. 2. PL IX. 8g. S. 

Duuoul*r of tk« shell 76 mm. . . ab. 52 mm. 

, nmbilicui .... 31 „ . 1»1 „ 

Height of the ( above lb* umbiliwl tutur* . 38 „ . . S3 „ 
kit volution I ., ,, prwdiog whorl . ah. 39 ,. . .18 ., 
Th>kn««oI the hut relation « 17 ,. 

Remarka.— With tho exception only of the higher and more strongly com- 
pressed whorls and of tho bulky shape of the phylloid saddles in the sutural line, 
I could not detect any characters among the congeneric forms of the Alpine trias 
in which this species differs from DitcophyUUea neojurentu. 

Diacophyllitea Zilteli v. Mojs. from the carnic Hallstatt limestone of 
Aussee is also among its nearest allies. In its external shape, especially in the 
proportion of height and width, it agrees oven hotter with this species than with 
D. neojuretmi*. A closer comparison of the sutural lines is, however, rendered 
difficult by the great difference in the dimensions of the European and Indian 
type-specimens. The small example illustrated by E. v. Mojsisovici has alsrt 
diphyllic main saddles with bulky terminal leaves and comparatively broad stems. 
In the siphonal saddle tho internal phyllum is the higher one, exactly as in 
2). Ploweri. There are only two auxiliary lobes present, but this character is 
evidently connected with the smaller size of tho Alpine type-specimen. A more 
important feature of difference is the larger size of the monophyllic auxiliary 
saddle. This saddle is united with the preceding lateral one, thus forming a kind 
of suspensive lobe, and is not distinctly separated from it by the first auxiliary 
lobe. In B, Flotoeri, as in D. ncoj uremia and in D. debilia, the auxiliary saddles 
are considerably smaller, dwindling down to rather insignificant elements of tho 
sutural line, but they are not united into a sloping suspensive lobe. 

There are no other European triassic speoies of the genus Diacophyllitea to 
which the present one might advantageously be compared. D. pwmlw v. Mojs., 
D. det pectus v. M039., D. inoalidua v. Mojs. are all dwarf species. So are the three 
triassic species from Sicily, which have been described by Gemmellaro as 
D.billimietuia, J>. Laubei and D. Jacquoti (I cefalopodi del Trias superiore, 
della regione occidental della Sicilia, Palermo, 1901, pp. 291-297). D. debilia 
v. Hauer has triphyllio saddles. D. occultua v. Mojs, agrees with 2). Floweri in 
the general arrangement of the sutures, but is provided with an abnormal body- 
chamber. 

An Indian species to whioh the present one bears a remarkable similarity 
in its oxtcroal shape is Diacophyllitea Ebneri v. Mojs. (Himalayan Foss. Palaxmt 
Ind. ser. XV, VoL III, Pt. 1, p. 116, PI. XIX, fig. 6). I should, indeed, be at n 
lose how to distinguish them without an examination of their sutural lines, in 
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whose* details considerable differences are noticed {vide Himalayan Fobs. I. c. 
Vol. V, Pt. 1, PI. V, fig. 5 ). 

Fain. : PL\ ACOCEIiATID.E. 

Gen. : Pivacoceras v. Mojsisovios. 

Pinacocebas sp. ind. aff. hex Mojs. 

In the fauna from exotio block No. 2 the genus Pinacocerat ». ». is 
represented by several specimens, all of them too imperfectly preserved to permit 
a specific determination. Thoy are distinguished by slowly increasing volutions, 
with wide umbilici, thus rooalling the group of P. rex v. Mojsisovios 
(Cephalopoden der Hallstactter Kalke, Abhandl. K. K. Geol. Iteichsanst. VI-1, 
p. 65, Taf. XXIII, figs. 8, 9 ; XXIV, fig. 8) from the Alpine trias. Several forms 
belonging to this group have been described from the triassic rocks of Sicily by 
Gcmmcllaro, especially P. /Attcli Oemm. (I cofalopodi del trias superiore della 
parte occidental della Sicilia, p. 283, PI IX, tig. 20 ; X, figs. 3, i) and P. Uaueri 
Gemm. (ibidem, p. 289, PI. XIX, liys. 1, 2 ; IX, fig*. 17, 18, 19). 

That our Indian species does really belong to the group of Pinacocerat rex 
is evident from the character of the sutural line, which I have been able to trace 
in a fragment which is otherwise too poorly preserved to allow a reconstruction 
of the original shell. In common with P. rex this fragment has the circular 
arrangement of lobes nnd saddles, the apex of the carve coinciding with the 
innermost adventitious saddle. There are six adventitious sa Idles present, all of 
which are distinctly diphyliic, in sharp contrast to the pyramid-shaped main 
saddles, which occur to the number of two, exactly as in P. rex. 

Gen. : Placitks v. Mojsisovics. 

Pla'jitbs cf. PUHA.LCTTJS v. Mojsisovics. PI. IX, tigs. 3, 4. 

The majority of the spocies of Placite*, belonging to tho group of PI. plaly- 
phyllm v. .Mojs , are distinguished by the presence of two adventitious lobes and 
saddles. There is only ono Alpine species, P/. v. Mojsisurics (Cephalopoden 
der Hallstactter Kalke, Abhandl K. K. Geol. Reiclisnnst. VI-1, p. 53.. Taf. XXI, 
figs. 7-8), in whose sutural line a larger number of adventitious lobes and saddles 
has boeu developed. The typical form of Plaoittt perauctas has been collected 
in the norio Uallslatt limestone of the Sommeraukogel, but typis closely related 
are already found in the julic deposits of the Snlzkammergut. They arc only 
imperfoctly known and have been described cursorily as PI, ef. perauctui by E. v. 
Mojsisovios (1. o. p. 53). 

Typos very closely alliod to PI. perauctui have also been met. with in the 
Himalayan trias. A chambered fragment measuring one half volution, from the 
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upper Daonella beds of the Bambanag soction, has been mentioned by E. v. 
Mojsisovics (Upper trinssio cophalopod faunae of the Himalaya*, Palaeont. Ind. 
»or. XV, nimdl Foss. Vol. Ill, Pt. 1, p. Ill, PL XVIII, fig. 0) at Placitet »/>. 
ind. aff. peraucli. A similar fragment has been discovered by myself among 
the materials collected by Smith in the Tropitcs limestone of Lilinthi (Dirndl. 
Foss. 1. c. VoL V, Pt. 1, p. 167, PL XXV, fig. 6). To these fragmentary examples 
several better preserved specimens have been added recently from the fauna of 
exotic block No. 2. They undoubtedly are related to Placitet perauctut, 
not to PI. Oldhami v. Mojsisovics, as is shown by the occurrence of three 
adventitious lobes and saddles. The lobes are as deeply incised and the 
saddles nearly as richly serrated as in the typical form of PI. perauettu. The 
number of auxiliary lobes is not exactly known to me. 

The measurements of the two specimens figured are as follows : — 

rig. s. Fig-. «. 

DiMMt.rof tb*.h.)t CI mm. 45 mm. 

qinbilioni 0 ,. 0 „ 

W^L}*****"*** ; « - 1» - 

I daro not identify my specimens with the typical Placitet perauctu*. The 
type-specimens from the Sommcrankogcl are all of large size, showing a diameter 
of the last volution from 100 to 121 mm. The only Himalayan example of similar 
dimensions is a body-chamber fragment, in which a height of 55 mm. corresponds 
to a thickness of 17 mm. It is, however, not the more slender and compressed 
shape of the whorl but rather the difference in the shape of the cross-section on 
which I am inclined to lay a special stress. 

In the typical Placites perauctut the flanks run nearly parallol from 
the siphonal shoulder to the umbilical region, whereas in my Himalayan fragment 
they converge strongly towards the latter. Whether this character is sufficient 
for a specific distinction can only be decided after an examination of larger 
materials. For the moment it will be preferable to mention the Indian species as 
Placitet cf. perauctut, but without insisting on an identification with the Alpine 
form from the carnic Hallstott limestone of the Roethclstein. 



TROPITOIDEA. 

Fam. : TR0P1TIDAS. 

f 

Gen. : Discotropitbs Hyatt and Smith. 

1B06. DinotropiUt Hyatt »nd Smith, Tht lri*«ic Ctphtlopod K <sncr» at Am*ri«, V. & OmI. Barf*; 
Profo»»ioo»l Fupnn No. 4A p. W. 

In 1877 A. Hyatt (in Meek, U. 8. Qeoh Exploration 40th ParalL, Vol. IV, 
p. 126) introduced the generic name of Eutomoceras for a triaasic Ammonite 
from Nevada, which E. v. Mojsisovics considered as the nearest ally to the Alpine 
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Jmmonifet tandlingentit v. Hauer. Thus tbc generic name of Eutomoeerat was 
assigned by him to the European group of Ammonitet tandlingentit and was, 
on his authority, accepted unanimously in this interpretation. 

A reexamination by Hyatt and Smith of the type-specimen of Eutomocerat 
Laubei Meek, the American prototype of the genus, led to the surprising result 
that the American Ammonite was a member of the section of Oeratitoidea, showing 
close affinities to Hungaritct v. Mojs., but differing widely from Ammonitet 
tandlingemis, which is a typical representative of the longidomc section of Tropi- 
toidea. Thus the grouping of the latter species with Eutomocerat Hyatt baring 
been based on a misinterpretation of the true affinities of the American genus by 
E. v. Mojsisovics, a new generic designation, Ditcotropitet, was proposed for 
Ammonites tandlingentit by Hyatt and Smith. 

It must be conceded that from Meek's memoir, in which the name Eutomocerat 
is used for the first time, a satisfactory decision ou the distinguishing characters 
of the new genus is not at all easy. E. v. Mojsisovics therefore did not meet with 
any opposition in applying tho name to the European group of Ammonitet tand- 
lingentit, which ever since has heen considered as the true prototypo of the genus 
Eutomocerat in substitution of the almost forgotten American species. 

The rules of priority being decidedly and indubitably in favour of the first species 
described under the generic designation of Eutomocerat, the inconvenienco of 
changing the generic name, usurped hitherto by Ammonitet tandlingentit, cannot 
be avoided. I feel consequently obliged to follow P. Smith in adopting tho generic 
name Ditcotropitet for the European form from the Hallstatt limestone, notwith- 
standing the confusion in the nomenclature of triassic Ammonites which will 
undoubtedly result from the misinterpretation of Hyatt's genus. 

DlSCOTROPITBS of. 8ANDLINQENSI8 V. Hauer. PI. VI, fig. 4 

1849. Aramonitrt tanilingeiuii P. T. H»o«r, Caber nana CapWopoden aaa dan Marmaraohiahtao too. 

HulUtatt and Iihk, Haidingera Naturwiaa. Abhandl. ITT, p 10, Taf. TIT, fig*. 10-12. 
IBM. AmwwnHf «f««7«ita««i'# A. t. Dittmar, Zm Fauna dw UatlatartUr Kalke, tiaognorf. Palmont. 

Betar. run Bt»wkr. rte., I, p. 370. 
ia»S. Eutomocerat nniliHgtm$c E. ». Mujaiaorica, Die Cephalopodan der HeJUtaattrr K.lkt, Abhandl, 

K. X. Gaol. Raioheenat. VI-2, p SM, PI. CXXX. Eg*. 1M3 i CXXXI, *>. l-U. 
I860. EuUmoctrtu ef. «j«*Vi'»jfla« E. t. Mi>j«iio»ie», Him*l. Foaa. Pal Ind. ear. XV, Vol. Ill, Pt. 1, 

p. 49. 

lfiO*. E. •tniiinat»tt Gammallaro, I ctfalopedi dol Triaa aaperiura dalle parto oacidiotale d*l!» Siotlia, 

p. 77, Tar. VIII, figa. 8-10 
1904. E. *andlinat*$e I. P. Smith, 1b« •omparatir* arrat'grepky cf tha marina triaa of Weilern America. 

Prwirad. California!. Aead. of acieacts 3rd aer.Vol. I, p. 3S7, Pt. XLVI, 6g. 10-, XLVIII, fig*. S, 0. 
1806. DiHotropiif tanJlimfemiu Hyatt and Smith, Tria*lo eephalapod (tanara of Amarioa, U. 8. Owl. 

Burr. 8ar. C. Frofa... Papara No. 40, p. S3, PI. XXXV, Bga. 1-13. 
ISO*. Emtomtorai tf. oandtingentt Diem*. Faana of the Tropica HmeetOoe of Braoa, Him<l. Foaa. 

V.I. V, Pt. 1, p. 188. 

It is a rather astonishing fact that this wide-spread species of carnic age is 
numerously represented in the upper trias of the Himalayas, but in fragments 
only, and that no complete specimen has as yet boon noticed. 

k 2 
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The only specimen known to mc from exotic block No. 2 is less frag- 
mentary and in a bettor state of preservation than any of the examples from the 
Tropitcs limestone of Byans. Its identification with F. v. Hauer's species is, 
indeed, pretty certain. It is only my aversion against an unrestrioted determina- 
tion of incomplete specimens whioh has induced me to add tlie designation cf. to 
the specific name. 

My specimen is of moderate size. One half volution and a large part of the 
umbilicus have been preserved. Die siphonal edge is surmounted by a low and 
distinct keel. The steep umbilical wall is separated from the flattened lateral 
parts by a sharply rounded edge. 

The ornamentation agrees almost perfectly with the delicate sculpture of tlie 
American example illustrated by Uyatt and Smith on PI. XXXV, fig. 3, and of 
the Alpine specimen illustrated by E. v. Mojsisovics on PI. CXXXI, fig. 8. The 
majority of the sickln-shaped ribs are dichotomous. There is no angular geni- 
culntion in their gentle backward curve along the middle of the flanks. Of umbi- 
lical tubercles faint traces only have been noticed. The spiral striatum is very 
delicate. 

Dimension. 

Height * 0 f thdaatwliorl 27 mm. 

ThickMrl, i U .. 

Di.ro.Ur of tbe nmbilioM 7 5 .. 

Suture*. — Not known in detail. 

Remark*. — Discotropitts sandlingeti$i» is tine of the leading fossils of 
the zone of Tropitet tubbullatu* in the Eastern Alps and in California, but it has 
also been met with, although very rarely, in the geologically olutr (jniic) JSllipH- 
cut beds of Au*s< c. 

Gen. : Tkopites v. Mojsisovics. 
TRoriTKs cf. stBBULLAirs v. Hauer. PI. VI, fig. 9. 

1843. A»mti*itr* mMndltilitt Y. r. Hauer, Uebrr t»<it Cei.tiatoprd*!! »u» den Mnnroncliiclitcii run. 

JU1I.UU und AuMe*. Hatilingtn Nnlurwiw, Abhandl. III. p. 19, Tal. IV, fi;.. 1-1 (nan 5-7). 
1M>3. Troj'itf mllullattw K. v. MojtiicjvK., Die Crphi'opodcii 6»t HmlliUi'tter K»)kr. Abhanll. K. K, 

a«l. H-W»i»l. VI -2, p. IS7. T.f. (VI, fijt.. 1-S, S. 7 j CVII, figa. 1-8 : CVIII. 6k*. 1-6; CX, 

fi«. «. 

1S06. TruyiUM II nU and Smith, Tr!a»ie .rpb.lopod pmcra r.f America, V. Owl. 

8ur». »«r. C. Prr-f. Psp. No. 40, p. «7, PI. XXXIII, fig*. 1-7 . .XXXIV. 6g». 1-14 ; LXXIX. figa. 

1-10. 

1WW. Tropitri tMmllulM Pitr.nr, Kanna of tn# Trapiln lhre.tont of llrara, Ht'ini). Fo»«., Vol. V, 

PU I. p. 14.5, PI. IV, fiRn. 15-7 
IM. Tro/'itt$ cf. mUvltttn* Ditnur, Ladinic. ramie and noiic fanmn of Spili, t'W,, Vol, V. T!. 3, 

PI. XIV, SK..2.3. 

There arc only three fragmentary casts of inner nuclei available for examina- 
tion. Although more or less deformed and damaged they show a remarkable 
resemblance in shape and sculpture to Tropitcs tubbullntua. Tne whorls are con- 
ndeiably thicktr than high. In one of my casts the siphonal part has been 
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preserved satisfactorily enough for illustration. It exhibits the low median keel 
towards which numerous straight rihs oonverge at steep angles. 

Although it is not possible to establish the identity of the Indian fossil with 
the European species, the presence of the group of T. subbullatm in the fauna of 
exotic block N<>. 2 has been ascertained. 

Tbopitbs sp. ind. aff. awtamgulo v. Mojs. PI. X, fig. 8. 

1902 Tropin, aff. ar* a .y*lu, A. r. Krufft. M.m. OmI. Sott. ,,f Indi., XXXII, Pt. 8. P . t«. 

The figured specimen belongs to all appearance to a species nearly allied to 
Tropiies aatiangidns v. Mojsisorics (Cophalopoden der flnllstaetter Kalkc, 1. c. 
VT.-2, p. 203, Taf CXII. figs. 1, 2). It is not sufficient for an exact determina- 
tion, the outer whorls only having been presorTcd. 

The cast, whicli lias been partly injured by weathering, agrees in its si»e and 
shape with tho typo-specimen from the Subbullatus beds of the Salzkatnmergut and 
belongs probably to an adult specimen, in which a small part of the body-chamber 
only is wanting. It differs from Tropiies acutangulus by the regularity of its 
involution, tho umbilical suture not tearing the normal spiral. Ileigbt and thick- 
ness of the last volution increase slowly, but quite regularly, from the 
beginning of the whorl to the very nportnr*. Tho eross-seotion agrees exactly 
with that in T. aciitangutus, being only a little wider than high. 

In its sculpture our specimen shows a remarkable resemblance to T. acutan- 
gulut. The rib* arc numerous and sharp and exhibit an angular genirulation out- 
side tho umbilical margin. In the anterior half of the last volution all the ribs 
are simple and undivided. In the posterior half of this whorl the sculpture has, 
unfortunately, suffered considerably from weathering along the umbilical margin. 
It cannot be decided, therefore, whether or not sharply edged umiblical tubercles 
have been present, but from the direction of the ribs it is obvious that the majority 
of them dichotomised in the umbilical region. No secondary bifurcations have 
been noticed in the marginal region. 

Although the siphonal part has been severely damaged, I have been able to 
state the presence of a keel, accompanied by a distinctly marked keel-furrow. 

Dimensions. 

Dinrorter of the »M1 .... 

,, ,. „ umbilical ... 
H«1gt>? of the lint I ttxiTe til* ambilicnl mtnro 
viilntisn 1 .. |Hrecr<lin K whorl 

ThlL-knw* of t».e lut Toidtioo .... 

Sutures. — Not known. 

Remarks.— Species very closely allied to Tropiies acutangulus have been 
mentioned from the Tropites limestone of Byans by E. v. Mojoisovics (Himalayan 
Few., Vol. III. Pt. 1, p. 40, PI. XI, fig. 4.) and by myself (ibid., Vol. V, Pt. 1, 
p. 51). As ihey are represented hy specimens still more fragmentary than the 



. 8tf mm. 

. 37 „ 

ab. 28 .. 

•b. 21 .. 
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present one, their specific identity with the form here described cannot be- 
ascertained. 

Tbopites sp. ind. aff. Wodani v. Mojs. Pi. VI, fig. 11. 

A fragmentary oast of a small species of Tropitet recalls in its external 
Characters T. IFodani v. Mojsisovics (Cephalopoden der Ilallstaetter Kalke, 
Abhandl. K. K. Geol. Beichsanst. VI-2, p. 221, Taf. CXVI, fig. 6). It agrees with 
the Alpine type-specimen in size and in the shape of the transverse section. The 
volutions are of equal height and thickness, the flattened lateral parte being 
separated from the high and perpendicular umbilical wall by a sharp edge and 
passing gradually into the rounded external part in a very regular curve. 

The delicate ribs originate in pairs from faintly developed umbilical nodes. 
They are nearly straight and turned forward very strongly on the siphonal area, 
thus meeting tho median keel at acute angles. 

The presence of Tropitet TPodani in the Tropites limestono of Brans (Hinuil. 
Foss., VoL V, Pt. 1, p. 152, PI. V, fig. 6) is in favour of a closer comparison of this 
undeterminable cast with the Alpine species from Aussee. 

Subgen. : Asatrotitxs v. Mojsisovics. 
Akateofitbs cf. SPiNosua v. Mojsisovics. PI. VI, fig. 10. 

1893. tropin {Anatropitt.) B. ». Moj.iwTio., Cfpb.lopcden der HtlfaUetfer K»lk., Abkaril. 

K. K Geol. ftochuait. VT-9, p. 885, T»f. 01, fig. 8. 
1002. Trvpilf aff. ipinomaA. v. Knfft, M*m. Otol. 8orr. of IodU, Vol. XXXII, Pt 8, p. 14S. 

The figured specimen, tolerably well preserved, is a typical representative of 
the group of Tropitet tpinoH (Anatropitet), as is shown by the largo thorns 
adorning the umbilical edge of its innor volutions. In tho last volution, which 
forms part of the body-chamber, ttie umbilical thorns are replaced by tubercles, 
from which faint radial ribs arise, which become obsolete before reaching the siphonal 
part The median keel is comparatively high and sharp, but not accompanied by 
lateral furrows. 

My specimen agrees so closely with the Alpine type of Ana tropitet tpinotut 
that I should have ventured on a direct identification, if the inner whorls of the 
Bimalayan example had been preserved more completely. Although the latter 
is slightly inferior in size, its proportions and sculpture agree almost exactly. The 
thickness of the hist volution is considerably greater than the height, but is equal 
to the width of the umbilicus. 

Seventeen umbilical thorns or nodes are counted within the circumference of 
the last volution. 

From Tropitet (Anatropitet) Adalgi v. Mojsisovics [ibid., p. 225, Taf. OX, 
fig. 3) our specimen is distinguished by the greater height of its whorls and by 
its less strongly depressed external shoulders. 
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Dimensions. 

Dnnrtw of tfco ahill • 28 6 mm. 

„ „ „ umbiliaoa .... . .... 10 „ 

He, « hl IrfthtUrtvohtk* I* » 

Thicknen f 10 » 

Sutures- — Not known. 

Remarks. — Anatropites spinosus is a very rare species in the julic stage of 
the Salakammergut Oae single specimen only has been quoted by E. v, Moj- 
sisovics from the Elliplicus beds of the Roothelstein. 



Anatropitbs Pilgbimii nov. sp. PI. VI, figs. 6, 7 ; IX, fig. 5. 

That this species bolongs to the genus Tropites, not to Tropiceltites, is proved 
by the character of its sutural lino, which, although not entirely known, is 
decidedly dolichophyllic, not clydonitic. It is, however, less easy to fix its system- 
atic position among the five groups which have been distinguished among the 
genus Tropites by £. v. Mojsisovics, and to whioh even a subgeneric rank has 
been attributed by that learned author. 

The inner volutions are not adorned with proper thorns along their umbilical 
edges, but rather with very broad and stout ribs. A similar type, Tropites Geyeri, 
has been grouped with the subgenus Anatropiies by E. v. Mojsisovics. Our 
species, indeod, agrees with typical representatives of this subgenus in the majority 
of its leading features, especially in the external shape, which recalls Tropicellites, 
and in the gradual weakening of the ornamentation in the outer whorls. 

Three fairly well-preserved eiamples, consisting both of inner nuclei and body- 
chambers, are available to me for examination. They are provided with numerous, 
slowly increasing whorls, whioh leave a wide umbilicus open. Tho transverse 
section is more strongly comprossod than in A. Oeyeri and higher than thick. 

In the inner volutions the sculpture consists of strong umbilical ribs, which 
are but exceptionally elevated into obtuse tubercles near the umbilical edge and 
die out gradually townrds the external shoulders. Some of them, although 
thinning out into delioate folds, reach aoross the siphonal area to the median keel, 
which is high and sharp. The body-ulianiber whorl is distinguished by its more 
delicate ornamentation. The umbilical ribs are reduced to obtuse nodes, and the 
delioate folds are arranged in crescents with their convexity turned backward. 



DUnwtar of the ihul! 31 mm 

„ „ „ aatilfou 11 „ 

i£^£LrrftathMfddsk. ™, - 



Sutures.— Not known in detail. Siphonal lobe narrow, with two diverging 
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points at its base, which are separated by a low median prominence. Siphonal 
saddle large and dolichophyllic, as in typical species of Tropitea. 

Remarks.— Among Alpine species of Anatropitet A. Geyeri v. Mojs. is certainly 
most nearly allied to tbe present one. It is less strongly compressed, provided 
with more slowly increasing whorls, and exhibits a large umbilicus. Bat otherwise 
the two species agree pretty well in their general shape and ornamentation, especi- 
ally in the reduction of umbilical thorns, which are r* pl«cod by stout ribs. 

From the triassic rocks of Sicily two species with a similar ornamentation 
h&vo been described by Gemuiellaro, namely, Anatropitet Mojtiaovicti Gemmollaro 
(I cefalopodi del trias superiore della regionc occidentals della Sicilia, p. 123, Tav. 
VII, figs. 40-42) and A. Fvechi Gemm. (ibid., p. 120, Tav. XXV, figs. 13-15). But 
both of them are cosily distinguished from the llimalavan form hy their com- 
pressed and slender shape, especially A. Mojaiaovicsi, which has a vary large 
umbilious and numerous radiuting coatee. 



Gen. : MaRGARItes v. Mojsisovies. 

Margaritks irregulakicostatus nov. sp. PI. Vf, fig. 8. 

This species represents a type of the group of Margarita uniapiiwai, which is 
distinguished fniu the most closely related forms of the Alpine trias by the 
irregular character of its sculpture. 

My type-specimen, which is fairly well preservod and provided with a part of 
its body-chamber, shows slowly increasing and low wlioi ls of a nearly quadrangular 
section, thus recalling Marg. aubaudm v. Mbjsisovics (Cephalopoden tier 
Hallsteettor Kalkc, 1. c. VI-2, p. 305, Tnf. CXCV, fig. 17). The external keel is 
low and not crcnulatcd. 

The ornamentation of the inner whorls is distinguished by the lack of umbili- 
cal tubercles and by the altorna'ion of stout primary and d. lioato secondary ribs. 
The stouter ribs are disposed at consid-rablo distances and elevated into marginal 
spines. Their direction is not exactly radial but slightly turued backward. Tho 
delicate secondary ribs, which aro of irregular strength and number, are directed 
backward more strongly, thus including an acuto angle with the primary costw. 
On the last volutiou the disposition of primary :md secondary ribs is much more 
irregular. The development of margin -tl spines or tubercles it no longi r confined to 
the primary ribs, some of which < cca«ionalIy bifurcate. This tendency towards 
bifurcation is alBo exhibited in some of the secondary ribs, which ate of very 
different strength and numbor and occasionally of an undulating direction. 

There is no species of 3/argaritct known to me, cither in the oarnic 
Hallstatt limestone uf the Saizkninruerisut, or among the tria«sio fauna) of Sicily, 
which for irregularity of ornamentation can be compared with the present 
one. 
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Dimensions. 

Di*iret«r of tlx AM 3$ S mta. 

„ „ „ ambilinu ...... J . . 10 , 

JoftUoUatTolotlOB ........ 7 » 



8-3 

Suture*— Not known. 



ram. : HAZOBITIDJl. 



Gen. : Jovites v. Mojaisovics. 
Jovttes cf. smctasilis Dien. PI. V, fig. 1. 

1808. JomUet tpeetatilii, Di*oer, Fanaa of Uie Trnpitc* Ifcnortooo of Bjrm, Hiatal Fon. Palaoot. led. 

«r. XV, Vol. V, PL 1, f. 183, PL XVI, fi«. 1 i PI. IX, fig. 10. 
1907. Jimttt «^rtaitfiVDion»r,L^iBr > c»niM,iadBoricfaimi»of SpHI, .*•<*., Vol. V, Pt. 8, PI. XV, 

Sr. S. 

The speoimen figured is a mature example of a spooie9 of Jooites with a very 
distinct umbilical opening of the body -chamber whorl. It is partly crashed and 
no exact idea of its transverse section can bo formed from its outlines. It could, 
however, be ascertained that the greatest inflation corresponds to the commence- 
ment of the last volution, and that in the vicinity of the aperture a second, although 
moderate, inflation and widening of the external part follows the compression of the 
body-chamber. 

The siphonal part has not been preser?ed well enough to state whether or not 
a keel-like median projection has been developed. The opening of the umbilicus is 
very considerable. Indeed, it expands so considerably that the height of the 
transverse section does not increase throughout one half of tho entire length of the 
last volution. 

In its general character and ornamentation this speoimen agrees very closely 
with the type from the Tropites limestone of Byans, to which the name Jovites 
spectabilis has been assigned by myself. The sculpture consist* of stronger ribs 
than in J. dacus v. Moja. or J. dactformi* Diener. Dichotomising ribs are noticed 
in the posterior half of the last whorl, although rather exceptionally, but are entirely 
absent in the anterior portion, where tboy are arranged at larger distances and 
become sharpened. 

Dimensions 

DiameUr of th« aball 81 mm. 

n n n ttBttbllJdOi •••• « • » . . 23 n 

Holgbt of th« latf rotation 29 „ 

Thici-now »t the coniaeiioenient of the laat wIki! 3) .. 



Sutures. — Not known. 
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As a specific distinction between Jovitea apectabilia and J. boanentia can only be 
based on essential differences in the sutural line, I have not ventured on a direct iden- 
tification of the present specimen, although there are some strong reasons in favour 
of its identity with the Himalayan species from the Tropites limestone of Ryans 
and Spiti. 

Jovites DACTF0RMI8 Diener. PI. V, fig. 2 ; VII, fig. 8. 

1806. Jomttt Jacifbrmit, Dioner, Faon* of Urn Tropitw lim«t«i« of Ujwj», Pal. Ind. »er. XV, Hi mil. 
Fan. Vol. V, PI. 1, y. 119, tL XV, fig*. 5-10 . XVf, lig. 2. 

Two inner nuclei in a satisfactory state of preservation, and two internal casts 
with fragments of the body-ebainber adhering, agree so closely with Jovitea 
dociformia from the Tropites limestone of Bjans that I do not hesitate in identify- 
ing them. 

The two figured casts are strongly globose and broader than high, with olosed 
umbilici. The numerous bifurcating ribs oross the keel-liko median projection of 
the siphonal part, 

The sutures agree with those of Jovitea dociformia, not with thoso of «7. dacm 
v. Mojs. The lateral leaves accompanying the stems of the high and slender saddle 
are arranged obliquely to the axis of the latter. 

The presence of Jovitea dociformia in the fauna of the ezotio blooks of Malla 
Johar having been established, there is some probability of the two fragment* 
collected by myself in the Kiogarh range, south of Sangclia Talla, in 1892, and 
described as Jovitea hov. ap. ex off. boanenaia by E. v. Alojaisovics (upper triassic 
cuplialopod fauute of the Himalayas, Pal. Ind. sor. XV, Himalayan Foss. Vol. Ill, 
Pt. 1, p. 18, I'L IX, figs. I, 5), belonging also to ibis species. Their only difference 
consists in the smaller number and somewhat greater strength of the ribs, but the 
range of variation with reference to this foature is so large in J. dociformia, as well 
as in its European representative, /. dacua, that it can barely be considered 
sufficient for justifying a specific separation. 



The figured fragmentary cast belongs to all appearance to a species of Jovitea 
which is distinguished from all congeneric forms by the absence of any external 
ornamentation. It was provided with low and moderately inflated whorls. The 
egression of the umbilicus, which is not as widoly expanded as in the group of 
Jovitea docua Mojs., corresponds to the beginning of the bust volution. 

In the transverse section the presence of obtusely rounded siphonal shoulders 
is a remarkable feature. -The siphonal area is broad and flattened. The faint, 
keel-like projection in the middle of the siphonal part extends to the end of the last 
whorl. 

The surface of the oast is entirely smooth and devoid of any kind of sculpture. 



Jovites nov. sp. ind. PI. IX, fig. 6. 
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Dimensions. 

DIuMttr r-f the ihell 44 mm. 



r, 



ioHh«U.t TO l,.tion » « 

ThMmeu > »b. 26 ., 

Sutures.— Not known. 

Remarks— There is no European specie* of /ooites known to me to which 
the present specimen might be oompared. It* inoomplete state of preservation 
prevents me from introducing a now spocifio designation. 



Gen. : JuvAvms v. Mojsisovics. 

JUVAVITES KSAFPTI HOT. Bp. PI. VII, fig. 8. 

This species belongs to a group of Juvavites interrupts which is distinguished 
by a gradual obliteration of the sculpture in the body-chamber of adult individuals, 
its nearest allies in the Alpine trias are Juvavites nepotit v. Mojsisovics (Cephn- 
lopoden der Hallstaetter Kalke, 1. o. VI- 2, p. 92, Taf. LXLI, fig. 12) and J. Ella 
v. Mojsisovics (1. o. p. 93, Taf. CXXIX, fig. 20). There is also a great external 
resemblance between the figured specimen and Juvavites (Anatomites) Ralavatsi 
v. Mojsisovics (1. c. p. 99, Taf. CXXIX, fig. 22), but the absence of any paulostomn 
furrows or ribs in the Himalayan typo peremptorily forbids its identification with 
representative of the subgenus Anatomites. 

At the beginning of the last volution the whorls are semiglobose, being con- 
siderably broader than high. In the anterior half the height of the volution 
increases more rapidly than its width. Thus the transverse section of the aperture 
appears to be compressed and provided with a very narrow external part, whereas 
it is broadly rounded in the chambered portions of the shell. 

Tho sculpture on the two halves of tho shell corresponds exactly, but is 
interrupted along the median line of the external part by a narrow, smooth zone, 
which is reached by the lateral ribs with very steep angles. This interruption of 
the sculpture does not result from an obliteration of the ribs, but from a gradual 
olevation of the intercostal furrows. Tho median zone of the external part is 
therefore elevated above the geneml level of the shell. Where the elevation of the 
intercostal furrows is not sufficiently high to obscure the ribs, the latter are seen to 
oross the external part, meeting from both sides at very obtuse angles. 

The posterior part of the last volution is covered with numerous high and 
narrow ribs, whioh are slightly curved and separated by deep and broad intercostal 
valleys. Their arrangement i* rather irregular. Two Btem-riba are simple but 
accompanied on either side by intercalated ribs. The rest aro forked ribs. They 
are either dichotomous or united into fasciculi with a tripartite arrangement. 

re 
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The change in the transverse section of the List whorl eoineides with a complete 
change of the sculpture. The numerous and strong ribs become obliterated rather 
rapidly. The ornamentation of the anterior half of the shell, which probably 
belongs to the body-ohamber, is reduced to a small number of broad and indistinct 

folds. Otherwise this portion of the shell is entirely smooth. No traces of 
tubercles have been noticed, either in the umbilical or in the marginal region. 

r>i»m*««<-fti.*»litll 

ombilior,, 

Hr t'M of tlwi i »i«r« the ambilif al •marl .... 
iMt T.:lti'ion 1 prno^in^ wj.Crl . . • . 
Thlrine-n of thi l„«t v<.Uti,n . 

Hiicl ''' \ »t tlw b^ian-ti, of fh.U.t TolrAion . 

Sutures.— Xot known. 



JrvAviTES Dograncs nov. sp. PI. V, fig. 3. 

This species, which is represented in the Himalayan collection by the figured, 
incomplete specimen only, is vory nearly allied to the preceding one, from whioh 
it differs by its smaller size, more strongly compressed shape, and more closely 
set ribs. 

The transverse section of the last volution changes considerably, being ellip- 
tical at the beginning, whereas it is of nearly triangular shape at the aperture, faint 
rounded angles formiug the boundary of the gently ourved external part. The 
umbilicus is deep, but very narrow. 

The ribs are more numerous and developed less strongly than in Juvacitta 
Kraffti. The smooth band, which interrupts the sculpture along the median Bone 
of the external part, is comparatively broad. Its elevation does not reach the 
height of the lateral ribs. 

The ribs are arranged almas' symmetrically on bo*h sides of the shell. Some 
of them cross the external part in uninterrupted cuivcs, whioh are slightly turned 
forward. Tiie ornamentation is rather irregular. At the beginning of the last 
volution simple ribs alternate with bipartite, tripartite, and quadripartite ones; but 
in the anterior portion of this whorl the majority of the ribs are dichotomous, and 
a simple rib, which is restricted to the marginal region, is often intercalated 
between two «tem-ribs. 

As in Juvaeites Kraffti, the sculpture becomes obliterated completely in the 
vicinity of the aperture. Hut this obliteration does not coincide exactly with the 
beginning of t Wo body-chaniber, the last two septa being situated within the smooth 
region of the shell. 



. SO mm. 
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. 41 
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Dimension*. 

Diameter of the «hell .......... 82 mm. 

t. » umbilici* ......... 4 „ 

Hfigbt of lb» f abort tbo umbilical fotur* ...... 34'fi „ 

)a«t rolnticn (, „ „ preceding «horl ...... 9Jr5 „ 

Thtobnan «f tba last Tolulion 24'6 „ 

Tbtknea. } »t«^Wl»*lB««« ibe hurt whorl 17 " 

Sutures. — The sutures, aa far as known, agree well with those in typical species 
of Juvavites. Saddles elongatod and doliahophyllic. Siphonal saddle terminating 
in rounded phylla, imparting to the apex a rounded aspect, whereas in the princi- 
pal lateral saddle the median phyllum is considerably longer than the adjoining 
lateral leaves. 

Principal lateral lobe bipartite, its two short diverging points being divided by 
a mesial indentation. Auxiliary series not accessible to observation. 

Remarks — A species, which is probably very nearly allied to the present one, 
is JuvavUee tonkinenau Diencr (Note sar deux espcecs d' Ammonites triasiques 
du Tonkin, Bull. Soc. geol. de France, 8e. ser. XXIV, 1896, p. 883), from the upper 
basin of tbe Blaok Kiver in Tonkin. There is a very close agreement in the sculp- 
ture, with the only exoeption that the ribs are curved forward more strongly on 
the external part of the Indo-Chinese form. Near the aperture of JuvavUes tonkinemU 
the ornamentation is also obliterated, but the transverse section of the last volution 
is not subject to any change throughout the entire length of the last volution, the 
anterior half of which belongs to the body-chamber. 

A species nearly allied to Juvavitet tonkinensis as well as to the present form 
has also been noticed from the upper Daonella beds of the Central Himalayas, but 
its unsatisfactory state of preservation does not allow a closer comparison. 

Jcvavitbs sp. ind. ex aff. Subihtbhetjpto v. Mojs. PI. VII, figs. 4, 6. 

Two fragmentary casts belong to a globose form from the group of 
Jumciies interrupt*, and, chiefly by the character of their sculpture, they recall 
J. tubinterruptv* v. Mojsisovios (Cepbalopoden dor Hallstaetter Kalke, 1. o. VT-2, 
p. 90, Taf. LXXXIX, fig. 13; XC, figs. 2, 3 ; CXXVI, fig. 16) from tho carnic 
stage of the Hallstatt limestone. 

No traces of septa having been preserved, I cannot decide whether or not the 
two specimens were provided with tbeir body-chambers, although from the character 
of their ornamentation I am inclined to consider them as nuolei rather than as adult 
individuals. They are robust and strongly globose, much more so indeed than 
any of the Alpine or Sicilian species of this group. There is no change in tbe shape 
of the transverse section from the beginning of the last volution to tho aperture. 

The direction of the ribs is nearly radial on the lateral parts, but faintly curved 
or flexuous. The majority of the ribs are dichotomous, bifurcating at a point situated 
about one-third of the height of the whorl, but in a small number of ribs a second 
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bifurcation is noticed in the marginal region. In the middle part of the last volu- 
tion of the specimen illustrated in fig. 6 a bundle of ribs is formed by the coales- 
cence of two forked stem-ribs near the umbilical margin, but this bundle is not 
accompanied by any paulostome furrow. Some intercostal valleys appear, indeed, 
V) be a little larger than the adjoining ones, but they are not true paulostome furrows. 
Tbo difference between the broader and narrower intercostal furrows is certainly 
smaller than in Juvavites anatotnitoides Gommellaro (I cefalopodi deltrias supcriore 
della parte occidental della Sicilia, p. 185, Tav. XVIII, fig. 50), which is, neverthe- 
less, a typical species of Juvavitet ». t. 

The ribs are not arranged symmetrically on both sides of the shell and are 
interrupted along the middle line of the external part by a comparatively broad, 
smooth band. They terminate very abruptly, the smooth «one not correspond- 
ing to a gradual elevation of tho intercostal valleys. 

Fig. t. 



Diameter «(U>«*eU 42 mm. 

,, „ „ umbilicus 6 „ 

Height of the f »bo»» tba umbilici] mtar* 8S'6 „ 

lut volutioo I „ „ preceding wborl 1« „ 

ThSekutwof the tut rolDtira fO ., 



Suture$ — Rot known. 

Juvavites nov. sp. ind. (gboup of contintji). PL IX, fig. 8. 

The spheroidal shell represents the chambered nucleus of a small speoies of 
Juoaviiet. The last septum corresponds to the aperture ; little fragments adhering 
to the external part at the beginning of the last volution form a part of tbe body- 
chamber. 

The whorls are considerably wider than high and are covered with numerous 
forked ribs. The majority of the ribs are dichotomous. One bundle formed by the 
coalescence of two forked stem-ribs immediately outside the umbilical margin and 
two simple, undivided ribs have also been noticed. Tho dichotomous ribs bifurcate 
at a point about one- third of the height of tbe whorl. 

The ribs are arranged symmetrically on both sides of tho shell, and are united 
in the middle of the broad siphonal part without any interruption. In crossing the 
siphonal part they describe a flat curve, with its conroxity turned forward, but 
there is no geniculation at the plaoe where they meet from both sides, as in 
Juvavitet gastrogoniu* v. Mojsisovics, or in the unnamed speoies from the carnic 
Hallstatt limestone which has been illustrated by E. v. Mojsisovics on Fl. 
LXXXIX, fig. 9, of the " Ccphalopoden der Hallstaetter Kalke" (Abhandl. K. K. 
Qeol. Reichsanst VI-2). 

Although the ribs are not interrupted along the median zone of the external 
part r they appear to be considerably lower than in the flanks, on account of a 
gradual flattening of the intercostal valleys. 
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Dimensions, 



Itunwtw of t)i* ibfl'. 



„ umtilictl tutiirc 



S ,. 

U „ 
7 „ 



Hfigl.t of tie ( »boT« th« umbilical 
l**t irolution I „ „ preceding whorl 
Tkirkmwi of tlw U»t Tolutioo . 



20«„ 



Sutures.— Not known. 

Jiemarka. — There is no European species to which the present fragment could 
be more closely compared. I have mentioned it here especially in order to prove 
the presonce of a form of the group of Juvavitea continui in the fauna of exotio 
block No. 2. But no stratigrnphical cvidonce can be gathered from its presence, 
typical species of this group having been distributed both in carnic and noric beds 
of the Alpine trias. 

Subgeu. ; qkibsbachitbs v. Mojsisovics. 

1806. 0W«**rli/« v. Moj»t»oYic». Denfachr. Kaii. A kid. J. Win math. n»t. HI. Bd. Utlll, p. 003. 
1899. G««W*.7« t. Mqj.i»»io. HimiUjan P«,. P»). Iai. «r. XV, Vol. Ill, Pt. 1, p. 36. 

The subgenerio denomination of Grieabachitea has bcon proposed by E. v. 
Mojsisovics for a small number of species of Juvavitea, in which marginal tubercles 
nre developed both on the body-cliambcr and in the inner whorls of the shell. 
There were only three typical specieB of this subgenus known to him, Qrieabaohitea 
Medleyanua Stoliczka (Memoirs Geol. Survey of India, Vol. V, p. 64, PL IV, fig. 5) 
from Spiti, of unknown age, G. Hanni v. Mojsisovics, from the upper Daonella bed 
of the Bambanag and Lauka sections, and G. Kaatneri v. Mojs., from the carnio 
Ellipticus beds of tho Salzkammorgut. The first of these three species is consider- 
ed as the prototype of the subgenus. 

In his preliminary notes on the oephalopod faunra of the Himalayan trias 
(Sitzongsber. Kais. Akad. d. Wiss., 1892, Bd. CI, p. 65) E. v. Mojsisovics united 
Juvavitea Medleyanua with the genus Sagenitea v. Mojs., considering the develop- 
ment of stout marginal tubercles as a feature of generic importance. In bis 
memoir on the Cephalopoda of the Hallstatt limestone (Abhandl. K. K. Geol. Reichs- 
anst. VI-2, p. 157) he compares the Indian species to Sagenitea Schaubachi v. Mojs. 
of the group of reticulata and oven notices traces of a longitudinal striation on the 
sipbonal part of the cast. 

From bis later description in the Paloeontologia lndica it is, however, evident 
that ho bad been misled by an external similarity between Grieabachitea Medleyanua 
and Sagenitea. That there is, indeed, no real affinity between this species and 
Sagenitea is obvious from my recent examination of A. v. Krafft's materials. In 
bis collections from exotic block No. 2 six specimens of Grieabochitea are repre- 
sented, which are so nearly allied to the prototype of the subgenus, G. Medleyanua, 
that they hod been identified with the latter by A. v. Kraffl In several specimens 
large fragments of the shell have been beautifully preserved. In none of them 
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does the test show any traoe of reticulation or longitudinal striae. Thus th e morpho- 
logical agreement with Sagenites is not connected with any oloaer affinity. 

All characters of importanoc lead to the suggestion of a very close affinity 
of Qrieabaehitea with Juoaoitea. Among knob-bearing forms with distinot 
marginal ears Juvaoitea Chaminoi v. Mojsisovios (1. c. p. 91, Taf. LXXXVII, fig. 2) 
has been left with this genus by E. v. Mojsisovica, whereas a second one, Juvaouea 
fulminoris v. Dittmar (E. v. Mojsisovios, 1. c. p. 136, Taf. LXXXVII, fig. 1), 
has been grouped with the subgenus Anatomitta, on aocount of some differences 
in the strength of the lateral ribs. 

To me both species seem to be related most intimately to the prototype of the 
subgenus OrUabachitea. The only foature of distinction, which has been pointed 
out by E. v. Mojsisovios, is the confinement of marginal tubercles to the body- 
chamber of adult individuals in the two last- mentioned species, whereas in Oriea- 
bachitea Medley anus such marginal tubercles already make their appearance on 
the chambered whorls. But this feature of distinction I cannot consider to be 
a very safe one. In Juvaoitea fnlminaria the inner whorls are not known. Accord- 
ing to the description, tho commencement of the last volution corresponds 
exactly with tho last septum. The entire periphery of this volution being adorned 
with marginal tubercles, E. v. Moj&isovics himself declares it to be an open question 
whether or not such tubercles may be developed on the inner nucleus. On the 
other hand it is barely possible to ascertain the position of the last septum in the 
type-specimen of Juvaoitea Koatneri. As marginal ears make their appearance in 
the anterior half of the last volution only, a very small part of the chambered 
portion of the shell only can be distinguished by their presence. A similar diffi- 
culty of ascertaining tho boundary between air-chambers aud body-chamber is met 
with in the three Himalayan specimens, which I have united provisionally with 
Juoaoites Koatneri. Nor have any sutures boon noticed by E. v. Mojsisovios in 
his fragmonts of Oriesbaohitea Hanni, and his suggestion that thoy were completely 
chambered still lacks proof. 

Although I am at variance with the views of E. v. Mojsisovios on the system- 
atic value of the relative position of marginal tubercles on the body-ohamber or 
on the last air-chambers, I fully concur in his opinion that the forma grouped 
around Grieabachitea Medleyanua are distinguished by characters sufficiently im- 
portant to justify a proper subgencrio designation. But I prefer to propose a slight 
change in tho circumscription of this subgonus, and to include in it all forms of 
Jnvavitea which arc distinguished by the development of strong marginal tubercles 
or ears. 

Whether all forms distinguished by the presence of marginal tubercles are also 
connected genetically is a question which cannot be answered at present. Some 
knob-bearing species of Juvaoitea from the triassic rocks of Sicily havo been grouped 
with the subgenus Anatomitea v. Mojs. by Gemmellaro. Such species are Anoiomitea 
etegana Gemmellaro (I oefalopodi del trias superiore della parte oecidentale do) la 



8ioilia, p. 241, Tav. XX, figs. 14-16; XXIII, fig. 9), A. Jiukowskii Gemm. (L c. 
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p. 24, Tav. XI, figs. 7, 8 ; XXIII, fig. 8), A. Timaei Gomm. (1. c. p. 226, Tav. XVII, 
figs. 10, 11; XXIII, fig. 7). All of them arc provided with deep paulostome farrows 
and have the marginal tubercles restricted to the body-chamber. In A. Timaei they 
are even oonfined to the posterior portion of the body-chambor only, whereas in 
the vicinity of the aperture the ornamentation becomes altogether obsolete. 

But paulostome ribs, the characteristic feature of the subgenus Anatomitet, 
have also been noticed in one of the most typical species of Griesbachitet, in G. Hanni, 
by E. von ilojsisovics. They are not known either in G. Medleyanm or in G. 
Kattneri, but it must he remarked that in neither species have inner nuclei as yet 
been available for examination. 

If the examination of new materials should prove the inner nuclei of these two 
species to be devoid of paulostomes, wo should be obliged to suggest that marginal 
tubercles have been acquired by different lines of Juvavitet. In this casa it would 
become necessary to restrict the name Grieibachitet to the descendants of Juvavitet 
t. t. and to introduce a now subgenerio designation for the knob-bearing types of 
Anatomitet. But then G. Hanni could no longer be left within the subgenus Griet' 
bachitet, even if the latter were taken in the narrow original interpretation which 
has been proposed by E. v. Mojsisovics. 

In the fauna of exotic block No. 2 the subgenus Grietbachites is represented 
by two typical species, ono of them with Alpine and the second with Indian affini- 
ties. Together with Claditcitet they are the most remarkable and characteristic 
elements in the fauna of exotic block No. 2. 



Griesb&chites of. Kastnbbi v. Mojsisovics. PI. VI, figs. 1, 2, 3. 

If n. Jumitf Xattneri E. t. Mojfbork,. CepUlopodm dor U.ll.t.ottor Kilke, A\.h»ndl. K. K. Goo I. 
IUieh».n,t. VI-2, p. t6, W. CMC XXVI, Sg. S. 

Three specimens, in which all characters have been exccllontly preserved with 
only the exception of the sutural line, are related so closely to the Alpine Juvavitet 
Kattneri v. Slojs., from the carnic Ellipticus beds of the Salzkammergut, that I 
cannot rind any distinctive feature which might justify a specific separation. 

It is especially the smallest specimen (fig. 1) which in its shape and proportions 
exactly agrees with the type specimen of J. Kattneri. Its whorls are moderately 
inflated, their width being slightly inforior to tho height, and they overlap one 
another as far as the umbilical margin, which is steeply rounded and separates a 
low but vertical umbilical wall from the gently curved flanks. Siphonal part 
rounded, and marked off from the lateral parts by an indistinct margiual shoulder. 

The two other specimens differ from the smallest one by their more compressed 
shape. The whorls arc considerably higher than broad. The lateral parts are 
flattened and they converge lees strongly towards tho external part ; the marginal 
shoulder is more distinctly marked. In the specimen illustrated in fig. 3 the 
cross-section of the aperture is almost rectangular in its outlines, the siphonaJ part 
widening into a flattened area. 
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As the specimen illustrated in fig. 2 is a truly transitional ►bape between the 
two other type*, I cannot consider these differences ns characters of specific 
importance, but only as marks of individual variability. 

There are also some individual variation* of minor importance shown in the 
sculpture of tbc three figured specimens. The specimen illustrated in fig. 2 
in its ornamentation agrees most nearly with the Alpine type. It consists of 
broad and low folds or ribs, which are directed radially in the lower half of the 
Literal parts, but show a sigmoidnl curve in the vicinity of the marginal shoulder. 
Their number is increased towards the external part, either by bifurcation of the 
stem- ribs or by intercalation of secondary ribs Some of the primary ribs arc 
more strongly marked than the rest, but the difference in strength is only 
insignificant. 

Along the median line of the siphonal area the ribs are interrupted by a narrow, 
smooth band. Their arrangement on both sides of this median lone is rather 
irregular, alternation and correspondence of opjwsite rilw occurring indiscriminately. 
In the anterior half of the last volution the development of marginal tubercles 
sets in. Six marginal tubercles are counted in the last halt' volution. In the 
majority of tubercles a bifurcation of ribs is noticed As a rule every fourth or 
fifth rib is adorned by a tuherole. The majority of tubercles are arranged symmetric- 
ally with the median line of the shell, but there are some exceptions from this rule. 
The ribbing weakens gradually towards the aperture, whereas the tubercles 
become stronger. 

The specimen illustrated in fig. 1 possesses broader ribs separated by wide 
intercostal furrows, but a large number of marginal tubercles, eight of which are 
counted in the circumference of the last half volution. Thus only one or two 
simple ribs are intercalated between such ribs as bear marginal tubercles. 
The smooth zone of the siphonal part is very narrow. Some of the ribs, which 
are arranged almost symmetrically on both halves of the shell, even close together 
on the external area in the vicinity of the aperture. 

In the specimen fig. 3 there are very numerous, chietly forked ribs. Tubercles 
are developed in a rather advanced stage of growth, and in small nunuVrs only. 
The ribs continue increasing in strength, although becoming less numerous, to the 
very aperture of the shell. Coming alternately from both halve* of the last volution, 
they are interrupted by a narrow, smooth zone along the external part, with the 
exception of the last three ribs, which close together. 

All the specimens differing somewhat from each other in their external shape 
and ornamentation, but being linked together by the agreement or all characters of 
importance, they are to be regarded as varieties of one species. 

Dimension* 





Fig. 1. 


fig. «. 


Ki?. 3. 


Plmoct^r of ttit »M\ .... 


48 6 mm. 


00 mm. 


P2 mm 


„ ., „ nmtiliciM 
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« .. 


0 .. 


H»i(?ht of thn r abut* ti e smbllirnl rotate 
iMtTjlsti.nt ., „ preceding »borl 
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. . U .. 


S» 


SO „ 






2U „ 
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Sutures.— Not known. I have entirely failed in discovering any trace of 
septa. It is consequently im|XHsiblc for me to decide whether my specimens are 
yet entirely chambered or provided with parts of thoir body-chambers. E. v. 
Mojsisovics declared his type-specimen of J. Ketstneri to be a chambered nucleus, 
but was obliged to state that its sutuml line was not known to him in detail. 

Remarks. — Although the establishment and limitation of the present species 
offer considerable difficulties on account of its individual variability, I consider the 
specific identity of the three figured examples as sufficiently well established by 
their agreement in all characters of importance. The species is so closely allied 
to the European Juv<tcite« {Grkt>bachite») KatlneH, that I have not thought it 
appropriate to introduce a new specifio denomination, although the question of 
identity cannot be decided without a thorough knowledge of their sutuml lines. 

Among Himalayan species Grieebachitcs Hanni v. Mojsisovics (Himalayan 
Foss., Vol. Ill, Pt. 1, p. 39, PI. X, figs. 3-5) from the upper Daonella beds of the 
Bambanag cliffs and of Lauka might be taken into consideration for a closer 
comparison. Of this interesting species specimens more or less fragmentary only 
are, unfortunately, known to us. But, as we may judge from the beautiful illustra- 
tions given by E. v. Mojsisovics, the large size of the umbilicus seems to be a 
remarkable feature of distinction. In the ornamentation the two species resemble 
each other very closely, although marginal tubercles seem to be developed more 
numerously in G. Hanni. On the outer volution an alternation of the marginal 
tubercles occurs by the swelling of each second rib along the marginal shoulder. In 
some fragments even marginal tubercles occurring regularly on each rib have been 
noticed. 

The Tibetan species from exotic block No. 2 cannot, therefore, be united with 
G. Hanni from the triassic belt of the main region of the Himalayas. 

Griesbachitks Fsecdomedlkyahis nov. sp. PI. VII, figs. 1, 2 ; IX, tig. 7. 

1W2. Jotatitt* (GrUtMilr,) Mt'tltpw (StoHcilca) A. v. Kr»fft, Mom G«ot. 8m». of Indu, Vol. 
XXXII, Pt. 3, p. 118. 

There seems to exist a similar relationship between this species and Griesbachitea 
3Icdleyanm Stol. from the upper trias of Spiti as between G. ef. Kaatneri and 
G. Uanni v. Mojs. They are, indeed, very closely allied, and their identification was 
only a slight mistake of A. v. Krafft's, which is easily understood if we consider 
that the sutuml line of his Tibetan specimens was not known to him. 

Two well-preserved examples of large size are before inc. In the smaller one 
( tig. 2) one quarter of the last volution belongs to the body-chaml>er. In the 
larger specimen (fig. 1 ) I have not been able to discover any trace of septa, but 
from its size and sculpture wc may assume that at least one half of the last volution 
forms part of the body-chamber. 

In their external shape both specimens agree exactly with the type-specimen 
of GrietbacMtfit Medleyanua Stoliczka (Mem. Geol. 8urv. of tndia, Vol. V, p. 54, 

o 2 
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PI. IV, fig. 5) as figured anew and rcdescribol by E. v. M.ojsisovics (Himalayan 
Pons. Vol. Ill, Pt. 1, p. 38, PI. X, fig. 2). Tho whorls overlap one another 
up to the rounded umbilical margin, and are higher than wide. The lateral 
parts are gently curved and pass into the regularly rounded siphonal part 
without the intervention of any marginal shoulder. The umbilious is deep, but 
very narrow. 

lu contrast to the faintly marked lateral ornamentation of G. Medleyanus the 
sculpture is strongly developed in the present species, and not restricted to the 
chambered portions of the sholl. In my smaller specimen it is continued as far as 
the aperture, although with diminishing strength, whereis in the larger example 
(fig. 1) the lateral parts in the anterior half of the last volution are nearly smooth. 

The sculpture consists of numerous broad and low folds, which are of an 
approximately radial direction, not sigmoidal as in G. Kastneri or in G. Hanni. 
The majority of ribs are diehotomous. In the smaller specimen they are inter- 
rupted along the middle of the external part, alternating distinctly on the two 
halves of the shell. In the larger speoimon, where the ornamentation on both 
sides of the last whorl corresponds pretty well, a large number of tho ribs are 
not interrupted, but closing together on the siphonal area. 

Fourteen marginal tubercles are counted within the circumference of the list 
volution in my smaller specimen. They are already developed at tho beginning of 
the last whorl and, consequently, are not confined to the body-chamber. Whether 
or not this has also been the case in the larger specimen cannot be decided, but 
there 19 no doubt that in tho latter the development of marginal tubercle* sets in 
at later stages of growth only, the posterior quarter of the last volution haing 
still free from any marginal sculpture. In this specimen the marginal tubercles 
attain very considerable dimensions, swelling out into high and elongated " ears " 
in the vicinity of the aperture. In my smaller specimen the tuberc.es in the 
anterior portion of the shell are also distinguished by their remarkable size. 

Dimensions. 





Fig. 1. 


Pig. 2. 


Dbmrtti of tln> al.ell .... 


. 122 mm. 


113 mm. 


,, „ „ umbilica* . 


. . 9 , 


1 


Heigtt of th* c •bav* th« ambilical nilim . 
lul relation I „ „ preceding whirl . 


• . 67 „ 


61 „ 


■ . *> 


32 






S6 „ 



Sutvres.— The sutural line, as far as known, differs remarkably from that in 
G. Medleyanus and bears a greater similarity to the sutures of Amlomitet than 
to the group of Jucavitet interrupt*. The main saddles are not as narrow and 
slender as in G. Medleyanus, but rather broal and of noarly equal height. The 
second lateral saddle is provided with three large lateral lappets on its umbilical 
slope The third lappet is separated from the preceding one by a deep incision, 
which might be considered eventually as a rudimentary auxiliary lobe. The 
actual auxiliary lobe terminates in two sharp points and is followed by a large 
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auxiliary saddle. Thus the second lateral saddle and the auxiliary series are uuited 
into a sort of suspensive lobe. 

A similar intimate connection of the seoond lateral and auxiliary saddles is 
noticed in several spaces of Analomites, especially in A. Bacchus v. MojsUovics 
(Cephalopoden der Dallstaetter Kalkc, Abhandl. K. E. Qeol. Rciohsanst. VI-2, p. 
143, Taf. LXXXV1I, fig. 20) or in A. Philippii v. Mojsis3vic3 (1. o. p. 128, Taf. 
LXLIII, fig. 3). 

This difference in the character of the sutural lino justifies a spooific separation 
of the present form fro n Griesbachitet Medley a tut. 

GniKSBACUiTKS nov. up. ind. PI. VII, fig. 7. 

The generic position of the only specimen available for examination cannot be 
fixed with full certainty. This specimen, which is incomplete, badly preserved, 
and somewhat distorted by pressure in the rocks, belongs to an undeterminable 
spscies, whioh seems to be related to the group of Juva cites continni. All lateral 
ribs cross the external part without any interruption. On the other hand they 
are not forked three or four times, as in the Alpine representatives of the group of 
Jucamtes continui, but are only diehotomous. Simple, intercalated, and forked ribs 
occur in almost equal numbers. This is a kind of sculpture which reminds 
us more strongly of tho group of Qricsbachites Hanni than of Jueav'Ues s. «. In 
the vicinity of the aperture traces of marginal tubercles are noticed, but so indis- 
tinctly that their presenc3 could not be ascertained- 

I have provisionally referred this specimen to the subgenus Qriesbachites. 
Provided this determination were correct, it should certainly be considered ns a 
new species, although, on account of its incompleteness, it is preferable to refrain 
from the imposition of a new specific name. 

Dimensions. — Not measurable. 

Sutures. — Not known. 

8ubgen. : AtfAToittTES r. Mojsisovics. 

Anatomites sp. ind. aff. Camilit v. Mojs. PI. VII, fig. 5. 

A single speoimsn consisting of air-chambers only agrees pretty well in its 
outlines and sculpture with Analomites Camiili v. Mojsisovics (Cephalopoden der 
Hallstaettor Kalke, VJ-2, p. 103, Taf. XOI, fi ? . 3) from the caruio Hallstatt lime- 
stone of Aussee. 

Tho shell is of very globose sbap9, more strongly inflated than in A. Camiili, 
*nd is provided with a robust sculpture. In the vicinity of the umbilious the 
number of broai and coarse stem-ribs is comparatively snail, but towards the 
marginal shoulders their number increases considerably by bifurcation, whioh is 
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repeated in such ribs as precede the deep paulostome furrows. These paulostome- 
furrows are turned forward more strongly than the normal intercostal valleys, whioh 
arc directed radially. 

Three paulostome-furrows are counted within the circumference of the last 
Tolution. This is probably also the normal number of paulostomos in A. Camilli, 
the posterior part of the last volution having been so considerably injured in 
the Alpine type-specimen that the presence of n third paulostome could not be 
ascertained by E. v. Mojsisovics. 

The ribs arc not arranged symmetrically to the median plane of the shell, 
although an exact correspondence in all details does not exist. They cross the 
siphonal part without any distinct interruption, hut soma of them are turned 
very low at the place where they meet from both sides of the shell. 

Dimensions. 

Pismcttr of Iht >beU 

,. „ „ oinbilieiw •-..»•• 

Height ct Ik* f •bove th« umbilici ratur* 

l»t Tolutiin \ ,. „ prv<#Jing whorl , 

Thuknan ut the lut tolulifti ........ 

Sutures. — Not known. 

Remarks — Although this specimen agrees very remarkably with Anatomites 
Camilli in its sculpture, especially in the division of ribs and in their arrangement 
in reference to the paulostome-furrows, I dare not ventur* ou an identification on 
account of its more strongly inflated shape. Among the numerous species of 
Anatomies from the upper-triassic rocks of Sicily, as described and figured by 
Gemmellaro, there is none which might put in a claim for a closer comparison. 

Anatomites sp. ind. ex aff. Hkneici r. Mojs. PI. VII, fig. 9. 

This species may be looked upon as a Himalayan representative of the Alpine 
group of Jnatomitet Bacchus v. Mojsisovics (Ccphnlopoden der HalLstaettcr Kalke 
1. c. VI-2, p. 143, Taf. LXXXVI, fig. 73 LXXXVII, figs. 14-21). It is closely allied 
to this form or perhaps still more to to A. Uenrici v. Mojsisovics (1. c. p. 116, Taf. 
LXXXVII I, figs. 11, 12), agreeing with the latter not only in the absence of any 
distinct sculpture, hut also in the compressed shape of its transverse section. 

From Anatomites Bacchus, and from it* Indinn representatives in the Tropitcs 
beds of Spiti whioh have been illustrated on l'I. XIV, figs. 6, 7, of the third part of 
Vol. V of this series, it differs by its narrow whorls, which are hut slightly thicker 
than high, and by the absence of any keel-like elevation in the middle of the 
regularly rounded siphonal part. An identification with either Jocites or Isculites 
is at occe excluded on account of the absence of an expanding umbilicus. 
Although the general shape might at first suggest an affinity of our species with 
Arcestes rather than with Anatomites, tho arrangement of the sutnral line proves 
it to be a representative of the family of Jutaei(in,e. 
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The cast of the nucleus being strongly weathered, no traces of ornamentation 
have been noticed. 

Dimensions. 

Dituetcr of th« .halt . 85 lum. 

„ „ umbilical ab. „ 

Height „f the, »b™ tl„ nm l,ilK-n! .utur* 19 „ 

Ult volution 1 „ „ pr«c*iiog whorl 8 „ 

TMtknrM of the list volution . . SI'S „ 

Sid urea. — As far as known, exhibiting the general characters of the suturai 
line in the genus Jumvites. Details not accessible to examination. 



Axatomites sp. ind. ex aft. crasseplicato v. Mojs. 

A fragmentary cast, unworthy of illustration, belongs to a large species of 
the submenus Jmtomites, which reminds us of A. craMeplitutua v. Mojsisovic* 
(Cephalopodender Hallstaetter Kalkc 1. c. VI-2, p. 139, Taf. XCIV, figs. 6-10) 
from the oarnic Subbulhtus beds of tho Salzkamniergut, on account of its globose 
shape and of its broad folds which arc restricted to the outer half of the shell and 
are separated by narrow intercostal furrows. Two low paukxtome-furrows are 
notioed in the vicinity of the aperture, exactly as in the Alpino specimen of 
A.crotseplicatus illustrated by li. v. Mojsisovies in fig. 10 on PI. XCIV of hi* 
memoir. 

With this specimen our fragment agrees in its size, but it does not possess an 
expanding umbilicus. 

Gen. : GoytosoTires. Qemraellaro. 
Go.vionotitbs cf. italicus Genimellato. PI. IX, fig. 9 ; V, figs. 6, 7. 

1904. Oenioxntitrt i/alicKn OummelUto, I c«M<i|h«U del trim auperlora d«ll» rngiom' nuculratilt AAU. 
Sialia. i>. US, T„t. V, f g.. 8, 7 ; IX. fig.. B. 7 ; XXI, 6 K t. 4-«5 ; XXX, 6g. 8. 

ThiB species is represented by two inner nuclei (PI. V, figs. 6, 7) and a larger 
fragment in which the la»t septum i? situated olosc to tho aperture. That the 
two nuclei and the larger specimen do really belong to tho same species is obvious 
from a comparison of the inner whorls of the latter, which agree in every respect 
with the figured nuclei. 

The inner volutions are strongly compressed, disooidal, with a high and narrow 
cordiform transverse section. The small umbilicus is surrounded by a steep « all 
and separated from the literal parts by a rounlod-off margin. Tho greatest irans* 
verse diametor coincides with the umbilical ranrgin. From this place the flattened 
sides converge very gradually towards the siphonal part, which is regulnrly 
rounded. 

The sculpture consists of numerous sigmoidal folds, which are developed more 
strongly in the vicinity of the marginal shoulders than in the umbilical region. 
They arc eitheT Bimplo or dichotomous. Exceptionally a first bifurcation is noticed 
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at a point about one-third of the height of the whorl, and a second one near the 
marginal shoulders. The ribs arc interrupted along the middle of the external 
part. 

In the two nuclei the ornamentation becomes gradually obsolete in the vicinity 
of the aperture. Constrictions or paulostome ribs have not been noticed. 

In the larger fragment, whioh consists of an inner nucleus and the six last 
air-chambers preceding the body-chamber, the ornamentation of the test has been 
completely obliterated. At tho same time the transverse section becomes high and 
very strongly compressed. Tho external part is sharpened into a steeply rounded 
and narrow ridge. The inflation of the shell in tho vicinity of the peristome, as it 
has been described in the type-specimen of Qonionotitea italictts by Gemmollaro, 
could not be noticed in this fragment, whos aperture is situated immediately in 
front of the last septum. 

Largtr fragment. Inner nadou*. 
PI. IX. fig. 9. PLV, fig. C. 

DUmit«r of th» .Hell F 80 mm. 

» » «. umbineai ..... ? 8"S „ 

Height of tbe r.boT»ib.nmbilio.l utun . 48 mm. 17 .. 

last volution I „ „ providing whorl . . 88 „ 10 „ 

HiickiKM of tho list rotation .... 23 5 ., It * 

Suiures. — There aro five saddles outside the umbilical suture, but the two 
auxiliary saddles could not be examined in detail. 

Siphonal lobe broad and nearly as deep as the principal lateral lobe. It is 
divided by a broad and pyramid-shaped median prominence, whose apex is flatly 
rounded and accompanied by a small indentation on each side. Tho median promi- 
nence does not reach half as high as the siphonal saddle. 

Principal lateral lobe deeply serrated, terminating in two sharp points whioh 
arc separated by a median indentation. 8econd lateral lobe considerably shorter, 
ending with an elongated terminal point, with lateral dictations arranged sym- 
metrically on each side. Saddles provided with distinctly individualized, folia- 
ceous branches, especially the siphonal saddle, which is bipartite at its top, the two 
apical branches boing subdivided by secondary incisions. The two lateral saddles, 
which are also riohly ornamented, have their apioes divided asymmetrically, tho 
external phyllum exceeding the internal one in size and height. 

The sutures do not agree in all their details throughout the chambered outer 
volution of tho fragmont illustrated, but show some variations, which may, 
however, be attributed to an accidental difference in the weathering of the surface 
of the cast. 

Remarks. — This Himalayon species agrees so closely with Gonionotilet italicw 
Gemoi., that in a hotter and more complete stato of preservation of the larger 
specimen at band I should not have hesitated in venturing on a direct identifica- 
tion. The difference in the details of the complicated sutures is so slight that 
they can scarcely be considered as distinctive features of specific importance. 
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OEBATITOIDEA. 
Fam. : DINARITIDJS y . Mojs. 
Gen. : Tibetitks v. MojsiBOvios. 

TlBBTlTBS BlIOTBNSIS HOT. 8p. PI. VI, fig. 5. 

The figured specimen, tolerably completely preserv ed, is an adult individual, 
more than one-third of its last volution belonging to tbe body-chamber. The 
shape and sculpture of the body-chamber agree exactly with those of tbe cham- 
bered parts of the shell. Thus the reference to Tibetitea a. a. is justified. The 
complete absence of any notohings in the external ears distinguishes our species 
from the genus Cyrtopleuritea, to an Alpine representative of which it is otherwise 
nearly allied. 

Among the hitherto described Himalayan species of Tibetitea the nearest 
allies to the present one are T. fiyalli v. Mojsisovies (Upper-triassic faunae of the 
Himalayas, Palawnt. Ind. scr. XV, Himal. Foso., Vol. Ill, Pt. 1, p. 77, PI. XV, 
figs. 3, 4) from the Halorites limestone of the Bambanag cliff, and a second 
unnamed species from the upper Daonella beds of the same locality, which differs 
from tbe preceding one by being more delicately ribbed and therefore ornamented 
more richly. 

Tbe chief difference from T. Byalli consists in the entire absence of any 
lateral tubercles. The stem-ribs are broad and bifurcate at a point situated 
below the middle of the height of tho volution, but the point of bifurcation is not 
marked by any swelling of the ribs. There are only two rows of tubercles, one 
of them corresponding to the marginal shoulders, and the second consisting of large 
external ears. The marginal tubercles are small, of circular outlines, not elongatod 
spirally. The number of intercalated ribs in the upper half of the sides is very 
small. Two marginal tubercles correspond, as a rule, to one primary stem-rib. 

In its general shape this species agree* very nearly with Tibetitea Myaili 
v. Mojs. and with Cyrtopleuritea Herodoti v. Mojsisovies (Cephalopoden dor Hall- 
staetter Kalke, L c. VI-2, p. 518, Taf. CLVIII, fig. 10). The whorls overlap 
one another almost completely and arc strongly compressed, the transverse 
section being considerably higher than broad. The umbilicus is comparatively 
wide. The narrow and slightly depressed mesial band, which is enclosed within 
the external ears, undergoes no change from the beginning up to the aperture of the 
last volution. 

Dintenaiona. 

DitmtteioftlM.MI 99 a>». 

„ M „ ombUlcu 4 4 , 

Height of tief»boT» tb* umbilical rotate 22'fi „ 

Lut Taltitioa I „ „ prtotding «h«rl 17 

Thiokneit ol tie Urt Tolntioii 1* 




XAUTILOIDEA. 



Fam. : ORTHQCEttJ TIDJS. 



Gen. : Orthoceras Breyn. 



Orthockras div. sp. ind. 



A few fragments of Orthocerat, unworthy of illustration, are only sufficient to 
determine the genua, There are at least two species present. The fragment of a 
large body-chamber, with parts of the striated shell adhering to the cast, belongs 
to the group of Orthocerata striata. The majority of isolated air-chambers 
belongs to a species of the group of 0. leecia. Their dimensions and the small 
angle of divergency remind one of Orthocerat triadicum v. Mojsisovics (Cephalo- 
poden der Hallstaetter Kalke, 1. c. VI-1, p. 4, Taf. I, figs. 2, 3), but their incom- 
plete state of preservation renders them unfit for specific determination. 



Proclydonautilus triadicus. v. Mojsisovics. PL I, fig. 1. 

1879. yanlilut trUJicu, B. t. Moj««,io,, Cephalopalan der HaU.U-.tet Kalka, I.e. p. J7, Taf. XIV, 
fig..l-A 

1908. JV«e*yrfo*»«f»/w tnadieut t. MojtUorics, ibiiem, Sup|>lfinentUl. p. 309. 

1904. ClsdoMHtiU, triadicu, QtmmelUto, I o»falopodi it\ tria* »up. drlla region* oreid. della giellia, p. 7. 
PL I. fig*. 14. 16. 

1901. Proeij/JommtUmi, triadicKi P. Smith, Comparativ* «tratigr«plijr o( the urini Uiu of W«t.r/i 
America, Proo«»d. California Acai of Seirot**, 3d ter. Vcl. l,p,«l, PI. XLVIf, fig. 9. 

1906. ProctgAoaautilu4 tria<lie»i Hyatt ot 8mitb, TriaMic wphalopod gvatracf America, U. 8. Owl. 
S*rr. Profee*. Paper. No. 40, p . m. PI. XMX, &g*. 1-3 ; L. fig*. 1-17. 

The only specimen availablo for oxainioation^agrecs so closely with the type- 
«peeimen of Proclydonautilut triadicus from the carnic Hallstatt limestone of the 
Salzkammcrgut, that a direct identification cannot be avoided. 

My speciraon is of moderate size, and provided with the beginning of the 
body-chamber. It has slowly increasing whorls, which overlap one another 
completely, and a closed umbilicus. The transverse section is ovoid, the flatly 
curved lateral parts passing into the steeply rounded external part without inter- 
vention of any marginal shoulder. The aperture is of equal height and width. 



Fam. : CLYDOXA UT1LIDJ1 v. Mojs. 



Gen. : Proclydonautilus v. Mojs. 
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The shell, which ha? bean preserved entirely on one side of the last volution, 
is smooth, without any trace of a longitudinal or transverse sculpture. Not even 
striai of growth have been noticed. 

T>>nm«t*r of the theW ... . yj mm. 

i. •• >. umbilica« ......... 0 „ 

Height of the f tbovt the unibilk-nl roture 27 „ 

hut relation t „ „ prweding irhorl 19 

Thickn>»» of th» hut rolation 87 „ 

Suluret. — Tho septa are situated very eloje to each other, especially those 
preceding the last septum, the lateral walls of the saddles even touching one another 
occasionally. 

8iphonal lobe small and narrow, not divided by a median prominence Lateral 
lobe broad, deep, and tongue-shaped. A small umbilical lobe follows outside the 
large and regularly rounded lateral saddle 

Siphuncle — Not known. 

Betnarks. — The specimen of ProclydonanUlut from the carnic stage of Castro- 
nuovo in Sicily, which has been identified with P. triadicua by Gemmellaro, differs 
slightly from the Alpine and HimAlayan examples of this species by its whorls 
increasing still moro slowly. But as it agrees with thorn in the remaining charac- 
ters, especially in the arrangement of the sutnral line, there is no sufficient reason 
for a specific separation. 

The specimens from tho Subbullatus beds of California, as described and illus- 
trated by J. Perrin Smith, seem to agree with the Alpino type as closely as my 
Himalayan example. 

Proclydonautilua triadicw must be counted among the most wide spread 
cephalopoda of the carnic stage, bein<; almost universally distributed throughout 
the triassio seas. 

Procltdoxavtilcs bcddijaicus nov. sp. PI. I, figs. 2, 3, 7. 

This species is very noarly allied to Proclydmaulil u* Grieabachi v. Mojsiso- 
vics (Upper-triaseic faunae of the Himalayas, Pal. Ind. ser. XV, Himal. Foss. 
Vol. Ill, Pt. 1, p. 123, PI. XXLI, fig. 1) and to P. Griesbachi/ormU Dinner 
(Fauna of tho Tropites limestone ibid, Vol. V, Pt. 1, p. 15, PI. XVII, fig. 2). 

My type-specimen, which is provide! with its body-chamber, attains large 
dimensions. It is strongly involute, provided with a very small umbilicus and 
with high, laterally compressed whorls. The inflated siphonal part is separated 
from the converging lateral parts by distinct marginal shoulders. In the inner 
volutions those shoulders form sharp angles, which are slightly elevated above the 
genersl convexity of the shell. These acute rims, which recall the blunt keels 
in Noritei, make their appearance at an early stage of development. At the 
beginning of the last volution the elevated sharp rim is reduced to an acuto edge, 

h 2 



HIMALAYAN FOSSILS. 



which passes gradually into a rounded angle. Near the aperture thfo broadly 
rounded anglo forms the boundary of the external pirt, which is inflated still 
more strongly than in the adolescent stage. 

This mode of development is juit th* contrary of wuat is seen in P. Grietbachi 
v. Mojs. In P. Grietbachi the ionjr volutions possess a regularly cordiform trans- 
verso section, their inflated external part merging into tlie sides with a oontinuous 
swelling, without even the indication of an angle. It is only in later Btages of 
growth that angles arc developed, whioh arc most oouspiouous in the vicinity of 
the aperture. In its developmental features our species agrees better with P. 
Qrietbachtformi* from the Tropites limjstoae of Byans, which is also distinguished 
by the presenoe of sharp marginal augloj at very early stages of growth. But in 
this species the elevated keel-shaped rims persist also in the gerontio stage. 

Another feature of distinction between Proclydoaaulilus buddhaicut and P. 
Grietbachi/ormit is the shape of the transverse section in the sipbonal region. In 
P. buddhaicut the siphoml area is strongly inflated, Whereas it is depressed and 
even deeply excavated between the marginal keels in P. Grietbachi/ormit. Other- 
wise the transverse section is very similar in both species. The lateral parts 
regularly converge from the place where the shell reaches its greatest transverse 
diameter, ». e., from the vicinity of the umbilical margiu. There is no umbilical 
edge present, but the flaiks dejeunl in a strongly beat curve from the region of 
the greatest inflation to tlie umbilical suture. 

The sculpture of the test oonsisti of delicate transverse stria? whioh aw 
approximately parallel to the sop ta. 

Dimenriont. 

Dbtmebroftlu^hdl 110 mm. 

Height of tb« ■» »bo» tho unbUlal •otnra 76 „ 

IxtTolutUm J „ ,. pnoodlng wtorl 58 . 

Th«kn«.of the k* lolutloci 67 „ 

Siphuncle.—ln the last air-chambers the orifloe of tho siphuncle is situated 
above tlie middle of the distance between the external parts. 

Suture*. — Agreeing with those of P. Grietbaihi. Siphonal lobe not divided 
by a median prominenoe. 

Remark*.— There seems to exist a very near affinity between Troclydonauiilut 
buddhaicut and the American genus Coimonoutilu* Hyatt et Smith (Triassio 
cophalopod genera of America, U. S. Qeol. Surv. Prof. Pap. No. 40, p. 207). The 
typical species, Comonautilu* Dilleri (1. c. p. 207. PL LI, fig. 1 ; LII, fig. 1 ; LIII 
figs. 1, 2 j LIV, figs. 1-4 ; LY, figs. 1-11) dovelops marginal edges at a very early 
stage of growth, but these edges besome adorned with tuberoles, until tho sbapeand 
sculpture arc very like those in Metacocerat Hyatt. At the diameter of 35 mm 
the tuberoles become obsolete and the marginal shoulders lose their angularity. 

Having succeeded in chiseling out the inner nucleus of a second specimen of 
P. buddhaicut with a diameter of 23 mm., I could ascertain the entire absence of 
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any marginal tubercles. This species does not, therefore, go through a Metaco- 
ceras stage, as does Cosmonaut ilus. The absence of Metacoceras-cha.T&ct&rs in tho 
young ste^e, and the persistence of marginal edgos into more advanoed stages of 
growth— they do not become obsolete, before a diameter of 55 mm. has been reach- 
ed— distinguishes our Indian shell from Cosmonaut il at, which, according to the 
present stage of our knowledge, is confined to the American trias, 

P. Smith has suggested that Olydonautilus biangularis v. Mojsisovios (Ilima- 
layan Fobs., 1. c. Vol. Ill, Pt 1, p. 124, PL XXII, figs. 2, 3) from the Halorites 
limestone of the Bambanag section might bolong to his genus CosmonautUus, " as 
may also some of the European species assigned by E. v. Mojsisovics to Clydonau- 
tilus." But with this view I cannot agree, booause the two forms differ widely by 
their mode of development. Young specimens of Olydonautilus biangularis hare 
a rounded siphonal part. The two marginal angles, which are not combined with 
any tubercles, make their appearance simultaneously with the flattening and in- 
dividualisation of the e stomal area only at a diameter of about 16 mm. Even in 
old age the external part remains flattened and is not inflated. 

Gen. : Sttkionaxitxhjs v. Mojsisovics. 

8Tt BiONAtTiLrs nov. sp. ind. PI. II, fig. 1. 

Of this interesting species only a single, fragmentarily preserved oast of the 
body-chamber has been found, with the last air-ohambar and a small part of the 
inner nucleus adhering. The reference to the genus Sturionautilus v. Mojsisovios 
has been established with full certainty, the siphonal saddle having been observed 
crossing the external area without any indication of a siphonal lobe. 

There is no speoies to which the present one appears to be nearly allied. 
From the Alpine representatives of the genus Sturionautilus it is distinguished by 
the biangular shape of its cross-section and by iU very high and strongly compressed 
whorls. In the inner volutions the sides converge from the place of the greatest 
inflation outside the deep umbilicus towards the narrow external part in a very 
flat curve. The siphonal area is truncated and bordered by sharp marginal angles. 
In the body-chamber these marginal angles become obsolete, and the flanks pass 
gradually into the external part which is no longer truncated but steeply rounded. 
The deep umbilicus is surrounded by a perpendicular wall whioh unites with the 
lateral parts in a sharply rounded edge. 

Dimensions.— Not measurable, on account of the defectivo Btate of the figured 
specimen. In the body-chamber a height of the last volution of id mm. corre- 
sponds to a transverse diameter of 29 mm. 

Siphunole.— Elongated elliptically in the direotion of the radius. Its position 
is approximately central in the last air-chamber. 

Sutures. — The siphonal saddle crosses the external area in a straight line 
which is not interrupted by any mesial depression. The present species is therefore 
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a typical representative of the genus Slyriomutilu$, in the suture* of whiob 
no transitional stage is marked to ProclydonautUna or GlydonautUtu. The deep 
Interal lobe is tongue-shaped, as in Styrionttntilu$ glyriacm r. Mojsisovics 
(Cephalopoden der Ilallstaottor Kalke, Abhnndl. K K. Geo!. Reichaanst. VI- 1, p. 
27, Taf. XIV, fig. 7) or in St. Sattperi v. Hauer. It is followed by a large 
loteral saddle and by a rounded umbilical lobe. An internal or annular lobe baa 
not been observed. 

F:im. : GIIYPONAUTILIDJ!. 

Gen. : Giwockhab Hyatt. 

Grtpoceras scessiitorme nov. sp. PI. X, fis. 1. 

This is a very interesting species, recalling GryponaulUtit Suettii v. Mojsiso- 
rios (Cephalopoden der Hallstaetter Kalke 1. c. VI-1, p. 26, Tnf. VI, fig. 11, 
Taf. XIII, fig. 2), but distinguished by its wider siphonal area and by the persist- 
ence of an open umbilicus in advanoed stages of growth. 

There is only one specimen available for examination. It is a cast, with 
some fragments of the shell adhering to the siphonal and lateral parts. More 
than three-quarters of the last volution consist of air-chambers. As the beginning 
of the body-ohamber has been preserved, the complete example must have been 
considerably inferior in size to full-grown specimens of G. Suestii 

In its shape, sculpture and sutures the figured specimen is very similar to 
G, Suettu. The whorls are very thick, their transverse section being twice as 
brand as high. The greatest transvorse diameter is situated in t'ie lower third of 
the lateral part". From this place the strongly inflated flanks converge both 
towards the abdominal and umbilical margins. The external area is broad, gently 
arched and separated from the lateral parts by sharp edges, which are aocompaniod 
by a row of small, spirally elongated, very low and blunt tubercles along their 
external slo'ies. About 25 tubercles are counted within the circumference of the 
last volution. 

The width of the external area is considerably larger than in G. Sueuii. Iu 
my type-specimen an ext rnal area of 18 mm. in width corresponds to a transverse 
diameter of 37 mm, whereas in the Alpine species the respective proportions are 
as 12 5 to 31 or as 21 to 07 mm. Another feature of difference is the flattened 
shape of the external area in GrypmauHlm Suetsii, wherens it is slightly convex 
in the Himalayan species. 

The umbilical mirgin is steeply rounded and is bordered by a perpendicular 
umbilical wall. The umbilicus is comparatively wide, wider than in the smaller of 
the two Alpine type-specimens of G. Suestii, illustrated by E. v. Mojsisovics, which 
consists of air-chambers only. As the beginning of the b :dy-chamlicr has been 
preserved in my Himalayan example, the umbilicus cannot have been closed, as 
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in full-grown specimens of O. Suessii. The present species must consequently be 
grouped with the genus Ort/poceran s. *., not with the subgenus Qryponautilu* 
v. Mojs. 

The lateral parts of this species exhibit the delicate transverse sculpture 
which has boon described in Gryponautilus Suessii by £. v. Mojsisorics. It 
consists of sharp, cresoentio ledges with their convexities turned forward, which 
originate iu the blunt tuberoles of the marginal edges. 

Dimensions. 

DtsiMttr of Ibfl sh«U . . , . .46 mm. 

„ umbillrw . . . . fr6 „ 

Htigbt of the ( tboTt the umbilical luture . . . 24 „ 

la* rotation \ ., „ vtttfi m k wtiorl .... 176 „ 
Tbiclm.e. of the Ut tolotion . . 97 „ 

Sutures.— Agreeing with those of O. Suestii. External saddle divided by a very 
flat lobe. Lateral lobe gently curved and followed by an equally flat lateral saddle. 
Siphuncle — Not known. 



Fain. -. TEMNOCHBILIDjB. 

Gen. : Mojsvaboceras Hyatt. 
Mojsvaboceras sp. ind. ex aff. Tubnb&i Hyatt et Smith. PI. I, fig. 4. 

This is a Bingle fragment of the outer volution of a Nautilus consisting of 
four air-ohambcre and of the beginning of the body-chamber. It was strongly 
evolute and provided with little embracing whorls aud with a wide umbilicus. 
The transverse section is subquadrangular and considerably wider than high. The 
lateral parts are flattened and separated from the steep umbilical wall by a 
sharply rounded margin and from the gently curved siphonal area by acute 
abdominal edges. 

Surface neurly smooth, but ornamented with two rows of faint tubercles 
outside the umbilical margin and on the abdominal edge. 
Dimensions. — Not measurable. 
Siphuncle. — Below the centre of tho whorl. 

Sutures. — Septa very simple, slightly sinuous, with very shallow siphonal and 
lateral lobes and with a broadly curved external saddle. The pngeoce of an 
internal annular lobe could not be ascertained. 

Remarks. — This species is more noarly allied to Mojscaroceras Turneri Hyatt 
et Smith (Triassic cephalopod genera of America, U. 8. Geol. Surv. Prof. Pap. 
No. 10, p. 209, PI. XLV1II, fig*. 6-11) from the Tropites beds of California, 
than' to any of the Alpine forms. A more detailed comparison is, however, 
difficult, on account of the incomplete state of preservation of both the American 
and Himalayan types. 
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Dl BRANCHI AT A. 

Fam.: BEL BMNITIDJ!. 

Gen. : Atractites Guembol. 

Atracittes sp. ind. 

A slab of rock contains numerous frag meats of rostra, which are perfectly 
smooth, without any ribs or furrows. They ara elongated, with a circular trans- 
Terse section. The lumen of the funnel does uot change throughout the entire 
length of the rostrum, as far as known. 

Among my materials there is no example fit for illustration nor for a specific 
determination. 

Gon. : Dicttoconitm r. llojsisovics. 

D icjt YOCONITE8 sp. ind. ex aff. Haveri v. Mojs. PI. II, fig. 2. 

The genus Dictyoconitei, as introduced by £. v. ilojsisovics, comprises such 
forms of Aulacoceratina, in which the conotheca of thephragraacone is ornamented 
externally with numerous raised longitudinal line* and with delicate asymptotic 
ribs, which in the guard or rostrum correspond with deep dorsolateral grooves. 

Among tho materials available from the triassio limestone of exotic block 
No. 2 there is a fragment of the phragmaconc of DictyoconUe*. with a short part 
Of the surrounding guard. It cannot servo for the establishment of the speoies, 
although it seems to indicate a form of the group of D. tlriati, nearly allied to 
D. Hancri v. Mojsisovics (Cephalopoden der Uallstsetter Kalke, 1. e. VI-1, Sup- 
ploraentbd. p. 187, Taf. XIV, tig*. 15, 16) from the carnic Hallstatt limestone 
of Aussoe. 

The divergent angle of the phragmaoonc is very small. The conotheca, which 
has been partly preserved, is ornamented with numerous ami delicate longitudinal 
striae, among which the asymptotic striie are not remarkable in any way, either 
by their strength or by their position. They oan only be recognized near the 
beginning of the calcareous sheet of the rostrum, where deep dorso-lateral furrows 
arc noticed. 

The transverse section of the phragmaoone is elliptical. A section through 
tho apical region of the phmgmacone together with the surrounding guard shows 
the deep dorsolateral furrows shifted towards the flattened autisiphonal side. In 
the conotheca of the phragmaconc no transverse ornamentation has been notioed. 
Both in this absence of a reticulnte sculpture and in the slender shape of the 
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phragmaconc the illustrated fragment agrees better with Dictyoconitet Haueri 
v. Mojs. than with D. reticulata v. Hauer. 

Notwithstanding its unsatisfactory state of preservation this fragment deserves 
to be mentioned, as it is the first representative of tbo genus Dictyoconites hitherto 
known in the Indian triassio province. 

CONCLUSIONS. 

By far the richest among the mosozoic fauna) collected by A. v. Krafft in 
the district of the exotic blocks in Malla Johar is that from ozotio block No. 2. It 
consists of the following species :— 

(o) Lamellibranchiata. 

1. Catiiane/la tp. ind. 

(6) Qatteropoda. 

2. Loxonema {Politgiri*o) cf. elegant Hoerne*. 

3. Sagana cf. gcomctriea Koken. 

4. Ctpnlul {Pirgt) joiarentit nov. «p. 

5. Nalicoptit tp. ind. ex aff. olrallaia Kokcu. 

(<?) Ammonoidea. 

0. Claditcitet crattetlriatm v. Moje. 

7. „ ef. Gorgiat Gcmm. 

8. „ cf. pHsilliu t. Mojs. 

9. „ tp. ind. cf. eoracit Qemcn. 

10. Iffpccladucite* tubearinatnt Oemm. 

11. „ tuiaratut r. Mojs. 

12. Jreetlet ef. periolcnt v. Mojs. 
18. „ cf. Riektkofcni v. Mojs. 

H. „ tp. ind. off. deeipient t. Mojs. 
15. ef. placenta r. Mojs. 

10. Proarcettet Qaytani v. Klipit. 

17. „ tp. ef. Antttanut v. Hauer. 

18. „ (?) tp. ind. tr off Barrondei Lbe. 

19. „ tp. ind. (group of estralabiatt). 

20. niteopkjrllitet Flotceri nov. gp. 

21. Pinaeecera* tp. ind. aff. rex v. Moj«. 

22. Plaeitet ef. ptrauctut v. Mojs. 

28. Ditcotropitet cf. tandlingentit v. Hatwr. 

24. Tropitet cf. tuiiuUatut v. Hauer. 

25. „ tp. ind. aff. aentangulo v. Mojs. 
28. „ tp. i«d. aff. W tdani y. Mojs. 

27. Anatropiiet cf. tpinomt v. Moja. 

28. „ Fit grit/tit nov. sp. 

29. Margarita irrcgnlaricottatnt nov. sp. 

30. Jovilet cf. tpectabilis Dien. 

31. ,, dacifctmit Dien. 

32. „ nov. tp. ind. 
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33. Jnvavit** Kraffti nov. sp. 

34. „ Dogtautu hot. »p. 

35. „ nov. tp. ind. ejt o/T. tnbinUrrnpto v. Mojs. 

36. „ aw. tp. ind. (groop of fo»*«W). 

37. QrietbackiUt <■/. Kmtneri v. Mojs. 

88. „ PtemlonedUfamt nov. ap. 

39. „ nov. «/>. ind. 

40. Anatomile* tp. ind. off. Camilli v. Mojs. 

41. ,i „ t» aff. Henrici v. Mojs. 

42. „ „ „ ex aff. crtuteplicato v. Mojs. 
48. OonioHoiilet cf. italient (Jcmm. 

44. Tibetite* bholentit liov. sp. 

(<*) Nautiloidea. 

45. OrtAoctra* tp. ind. (groop of 0. lavia). 

46. „ ind, (group of 0. ttriala). 

47. Proclydonantilut triaduut v. Mojs. 

48. „ buddkaicnt nor. *p. 

49. Stgrionauiilut nov. »p. ind. 

50. Grypoterat tnetniiforint nov. up. 

51. Mqjtvarocera* nov. tp. ind. ts aff. Turneri H vatt et Smith. 
32. Alractite* tp. ind. 

53. Dictfoeonitet nov. ip. ind. aff. Haneri v. Mojs. 

Altogether 53 species — among which the Cephalopoda, numbering 48 species, 
by far predominate, both in species aud in individuals. The red limestone of 
exotic blook No. 2 may consequently be termed a cepbalopod-bearing faoies with 
equal reason with the Halorites limestone of the Bambanag range or the Tropites 
limestone of Byans. In the richness of species it is but little inferior to the 
Halorites limestone, from which 69 species (62 ammonites) have been described 
hitherto by E. v. Mojsisovics and by myself. 

Leaving out of discussion those forms which do not admit of speci6c deter- 
mination or of a closer comparison with any species hitherto described, there 
remain 45 species. 

The most important fact appearing on a first glance at the preceding list is 
the very largo percentage of species nearly allied to European forms. The number 
of faunistic elements peculiar to the Indian triatsic province is comparatively 
small. There is only one single genus of exclusively Indian habit {Tibetite*) 
represented in this fauna. A special stress must be laid on the very close affinity 
with the carnic fauna? of the Alpine Hallstatt limestone, because in none of the 
faunas from the triassio belt of the main region oi the Himalayas arc such affinities 
indicated as clearly and strongly. In all triassio horizons of the main region of the 
Himalayas which aro riob in Cephalopoda species representing typos which differ 
widely from Alpine forms oocur in considerable numbers, whereas in this fauna 
they are of vory rare occurrence 
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This close affinity of the fauna of exotic blook No. 2 with the faunae of 
homotaxial beds in Europe is so much the more important, as the determination 
of its geological njre must be based on paUeontological evidence only, the exotic 
block itself exhibiting no strotigraphienl connection with the surrounding beds. 

With regard to its general character, the fauna of exotic block No. 2 
bears the stamp of the carnie age so indubitably that it seems to me superfluous 
to discuss its eorrelai ion with the carnic Hallstatt limestone of the Alps. There 
is not a single form among the Cephalopoda which might point to either ladinio 
or norio (juvavio) affinities, not even Tibetitet bhotentit, which belongs to a genus 
appearing already in carnie bods although it reaches its ehief development in 
the lower norio stage only. 

It is more difficult to establish a more exact determination of the geological 
age. An analysis of the fauna shows that it has relations both with the julio 
and tuvnlio faunua. It remains therefore for me to decide whether it should 
be correlated with the zone of Trachyceras Aonoidet (julic substage) or with that of 
Tropites subbullatm (tuvalic substnge). A. v. Krafft, from a cursory examination 
of his fossil materials, has deoidod in favour of a correlation with the zone of 
Tropitet tubbullattu, but from a detailed analysis we shall learn an almost equal 
distribution of the elements of the two Alpine zones in our Himalayan fauna. 

It will be found convenient to treat the affinities of our fauna with each 
carnie fauna of cxtra-Himilayan district* separately, although tho palseontologicnl 
evidence must rely chiefly on a comparison with the julio and tuvalic faunas of 
the Alpine Hallstatt limestone. 

The assemblage of genera being almost the same in both zones, we are obliged 
to investigate the specific affinities of tho Cephalopoda, which by far predominate 
over all tho rest of the organic remains. All forms, which have not been determined 
specifically hut designated only according to their relationship with Alpine types, 
arc of very little sorvice for an identification of the exact geological horizon. For 
this purpose such species only oan be taken into consideration as are cither 
directly identical with, or so olosely allied to, Alpine types that they oould be 
referred to such as cf. 

The following species are identical or probably identical with those from the 
Hallstatt limestone whioh in Europe connect the faunm of the julio and tuvalic 
substages :— 

Loxoatua cf. ettgant Hoeru. 
Saffana cf. jeometriea Koken. 
CtaiUtcittt cratKcitn'afut v. Moji. 
Placite* cf. pcrattclut v. Moji. 
Ditcotro/iiiet cf. $a*dlitif*Htit Han. 
Prec!fJon<iMtil><» trUJicv* t. Mojs. 

The following species are identical or probably identioal with specie* which 
in the Alpine Trias are restricted to the julio substage :— 

ClaJiscittt tf. fmittu* V. Mojg. 
Arcttte* ef. petiole*! t. Mojs. 

|2 
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Arctttet cf. Jlicktkofeiti v. Mojg. 
Proareettet Gaytani v. Ktipst. 

„ rf. Jiuteamu v. Hau. 
Analtopite* rf. tpinotu* y. Mojg. 
GricbackUe* rf. KaUneri t. Mojs. 

As elements pointing to a close affinity with the fauna of the tuvalio substage 
of the Salzkammcrgut, the following two speoies only can l>e quoted : — 

ArcetUt cf. placenta t. Mojs. 
Tro/iitet rf. tubbttttatw v. Han. 

Among fifteen species identical or probably identical with Alpine forms, seven 
belong to the julic, two to the tuvalic substage, six are common to both substage*. 
It is evident from this proportion that the greater number of relationships are in 
favour of a correlation with the julic substage. The circumstance that a species 
referable to Tropitea aubbullatiu, the leading fossil of the tuvalic substage of the 
Hallstatt limestone, is represented in this fauna, loses much of its importance, as 
this speoies is exceedingly rare in the red limestone of exotic blook No. 2, and 
as types allied very closely to T. tubbuUalut make their first appearance in the 
julic substage (T. Qvenstedti v. Mojs.). On the other band those carnic elements 
which are most conspicuous for their fecundity in species and individuals, especially 
Claditcites, Tlacites, and DUcophyllitea, are of a rather indifferent habit and do 
not indicate exclusively either julio or tuvalic affinities. 

With the upper-triassio rocks of Sicily the fauna of exotio block No. 2 
has six species in common. These are the following : — 

Cladisrt'tet <f. Qorgia Gemm. 

„ cf. eoracit Getnro. 
Ilypoeladitcitea mlearinattu Gemm. 
GoHtoHotile* ef. italirm Gernm. 
Ditrotropite* rf. ta»dlia$eini* y. Hau. 
Procfydoitautitui triadieus v. Mojs. 

All these species have been found in the carnic limestone of Modanesi (Cas* 
tronuovo) or Votano (3an Stcfano Quisquina). Oladitcites cf. Qorgia occurs 
also at Madonna del Balxo, where oarnic and norio elements have been mixed 
together. 

The carnio age of the fauna of Votano and Modanesi is obvious from Gem- 
mcllaro's lists, but an exact correlation with carnio faunro of the Eastern Alps has 
not yet been attempted. G. Di Stofano, it is truo, considers the limestone of 
Votano and Modanesi as a homotaxial equivalent of the Alpine Subbullatus beds, 
but G. v. Arthaber (Die Alpine Trias des Mediterrangebietes, Lethaea geognostica, 
2 Thoil, Bd. I, p. 4,61) believes with equal reason that both the Aonoidet and Sub* 
bullatut zones are represented in the faunae of those two Sicilian localities. 

The region which is geographically least distant from the exotic blocks of 
Malla Johar is the main region of the mesozoio belt of the Central Himalayas. 
There arc three districts in this region with fossiliferous triassio beds, the fauniB of 
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which show relations to that of exotic block No. 2. Bat those relations are 
less close than the affinities between the present fauna and the oarnio fauna) of the 
Alpine Uallstatt limestone. 

With the Daonella bed* of Lauka in Kumaon the present fauna has only one 
speeies in common, Uypocladitcites subarattu v. Mojs., an Indian representative of 
the group of Cladi trite* subtornati, which differs from the European Hypocladti' 
cites subtornatus by some very subordinate details. 

The number of species probably identical in the faunae of ezotio block 
No. 2 and of the Tropites limestone of fiyaus is flvo. These species are the 
following :— 

Proarrette* ef. Quytani v. Klipst. 
Jocik* rf. tpertabitit Dieo. 

„ dadfoimit I>ien. 
Tropilrs cf. mbMlatni v. Hauor. 
Diseolroj'ttrt <•/. *<t*<Hiagen*i* v. Haner. 

With tho Ti-opites shales of Spiti the present fauna has the following species in 

Jocittt ef. tptctabili* Dicn. 
Tropitet ef. labhuilaiui v. Hau. 
Proarcette* ef. Gayfni v. Klipst. 



As species indicating very close affinitios the four following might bo men- 
tioned i—Anatomiles »p. ind. ex aff. Uenrici 7. Mojs., whioh is certainly very 
nearly allied to Anatomites sp. ind. cf. Bacchus v. Mojs. from the Tropites shales of 
Lilang, TropUes sp. ind. aff. acutangulo v. Mojs., Juvavites (Griesbachites) 
Psevdomedleyanus, which belongs to the same group of Juvavitince, as Oriesbachites 
Medleyanm of unknown geological age, and DiscophylUtes Floweri Dien., which 
agrees with D. Ebneri from the Daonella beds of Lanka in all oharaoters, except 
6ome differences in the arrangement of tho sutural line. 

Tho presence of Tropites aff. acutangulo, Jovites spectabilis and Jovites dad' 
formis increases the number of species with decidedly tuvalic affinities in the 
present fauna, and consequently reduces the preponderance of julio elements. To 
the species connecting the fauna; of the julic and tuvalic substages in tho Indian 
triassic province Proarcestes Gaytani has to be added. Thus the majority of 
species (7), which are referable to forms previously described, are distributed 
through both tho julic and tuvalic substages. 8ix species point to a closer 
relation with julio and four with tuvalio fauna?. 

This analysis seems to show that in the fauna of exotio block No. 2 there 
is an assemblage of species indicating nearly equal affinities with the zones of 
Trachycera* Aonoides and of Tropites subbullalus. It cannot therefore be corre- 
lated with either of them directly or exclusively, but must be considered as a 
homotaxial equivalent of both substages. 
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I1I.-F088IL8 FROM EXOTIC BLOCK NO. 5 (MALLA KIOGARB E.G.) 

Four exotic blocks of Tery small site were discovered by A. T. Krafft in the 
igneous rooks and black shales of tho upper Flygcli near Malta Kiogarh encamping 
ground and marked on the map accompnnyiog A. v. Krafft's memoir (Mom. Geol. 
8urr. of India, Vol. XXXII, Pt. 3) as E. B. i, 5, 6, 7. Blocks 6 and 7 yielded 
some fossils of liassic age. In the concretionary limestones of block 1 no fossils 
were found. Block 5 is desoribed by A. v. Krafft as a massive, muoh altered red 
limestone. Among the small number of fossils collected, one Ammonite has been 
notioed, strongly resembling Sagecerat (1. c. p. 162). A. v. Krafft consequently 
considered this block to be of middle or upper triassic age. 

The number of fossil* suitable for a determination is exceedingly small. The 
following two species arc represented among my scanty materials :— 

Caenitks *p. ind. PI. XVI, fig. 1. 

The fragments, which have been compared to Sagecerat by A. v. Krafft, 
belong to a chambered whorl with a narrow and deeply excavated si phonal furrow, 
which is bordered by sharp, marginal keels. In its external characters this frag- 
ment agrees equally well with representatives of the genera Sagecerat v. Mojs. and 
CarniUt v. Mojs., but the character of its sutural line does not admit of any doubt 
that we have to deal with a species belonging to the latter genus. 

Of the sutural lino two lobes and saddles only are accessible to examination. 
The saddles have reached a stage of development transitional between tho brachy- 
phyllic and doliohophyllie stages. The outer saddle corresponds with the adventi- 
tious saddle, the inner one with the principal lateral saddle in Carnitet floridm 
Wolf. The resemblance of the sutures to thoae of Carnite* floridut is very 
striking, but a specific identification of my fragment is, nevertheless, impossible, 
on account of its too incomplete state of preservation. 

Pboakcestes sp. ind. ex aff. Aussbano v. Hauer. PI. XVI, fig. t. 

A large specimen of Arcettet is lying before me, showing n diameter of nearly 
100 mm Notwithstanding its remarkable dimensions it is entirely ohambered. 
The breadth of the whorls surpasses the height considerably. The woll-rounded 
external part passes gradually into the similarly rounded lateral parte. The um- 
bilicus is comparatively broad and surrounded by a high and steep wall The 
umbilical margin is obtusely rounded. 

In the circumference of the last volution three varices are faintly developed 
which aro directed radially, and cross the external part without being turned for- 
ward. This character distinguishes our species from the group of Arcettet intutla 
stars, which it recalls otherwise by the shape of its umbilicus. The varices are 
flat and low and disposed at regular distances. 
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Dimensions. 

Diameter of the ih«U 97 mm. 

„ „ „ umbUkoB 1SJ „ 

Height of the f above the umbilical nitura 45 

Uut rotation I „ „ preoedinj whorl 81 „ 

TbiotcDeM of the Uet rolation 60 „ 

Sutures. — The external part of my specimen baring; been injured by weather* 
iug, it it not possible to examine the details of the aiphonal prominence, the most 
characteristic clement in the sutures of Arceates. Otherwise the sutures do not 
differ from those in the group of Arceatea bicarinati. The principal lateral snddle 
stands on the convexity, by which the external part merges into the sides. There 
are altogether fire saddles outside the umbilical margin. 

Remarks. — The determination of chambered nuclei of Areestidm is, as a rule, 
uncertain, the chief features of distinction having been made on differences of nuclei 
and body-chambers by E. v. Mojsisovics Although the present specimen shows 
in its general characters a great resemblance to Proarcestes Ausseanus t. Hauer 
(Cephalopoden von Aussee, Haidinger's Naturwiss. Abhandl. I, 1877, p. 268, Taf. 
VIII, figs. 6-8), it can be included in the group of Arceates bicarinati with some 
reserve only. 

CONCLUSIONS. 

The oarnic type of the fauna of exotic block No. 6 is obvious from the few 
remains quoted above, in spite of the great deficiency of the materials. Both 
Carnites and the group of Arceates bicarinati (Proarcestea) are restricted to the 
carnic stage in the Mediterranean region, of whioh thoy are characteristic 

IV.-FOS8ILS FROM EXOTIC BLOCKS NOS. 16 AND 17 (KIOGARH 

. HIGH PLATEAU). 

South of the Kiogarh high plateau two exotic blocks containing fossils of lower 
liassic age have beon discovered by A. v. Krafft and marked as Nos. 16 and 17 on the 
map accompanying his memoir. In one place only the limestone was found in 
$'tu. A. v. Krafft (1. c. p. 166) describes the rock as bedded, concretionary, chiefly 
of red colour, but with a few grey layers, thicker than the red beds. " It is 
impossible to say how many liassic blocks were originally present, as they have all 
been more or less decomposed into large patches of debris. We can distinguish two 
main occurrences, one (E. B. 17) situated near E. B. 18, a large number of permo- 
carboniferous crags, and the other (E. B. 10) somewhat higher up near the crest of 
a ridge running from south to north." 

The fossils, which were collected by A. v. Krafft in the accumulation of d6bris 
at both localities, have not been kept aeparato, the labels attached to the slabs of 
rook being marked " B. B. 16 and 17." I have consequently treated the fauna of 
the two blocks as a single ono. Although not rich in well-preserved specimens, 
it is very interesting on account of its affinity with European fauna of lower liassic 
age. 
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DIB RAN GHI ATA. 



Atbactitks sp. ind. P). XIV, fig. 1. 



Id two Himdlayan materials a species of Atractitet is represented by two frag- 
ments of phragmacones. Tbey arc casts without any trace of the test. The trans- 
Terse section is circular. Angle of emergency very small. Distance of septa 
considerable, equal to three-quarters of the diameter of the anterior septum. 

The scarcity of my materials excludes any attempt at a specific determination. 
Phragmaoones similar to the presoot ones hare been described from the Margarita* 
tus-beds (middle Lias) of the Schafbergby Geyer (Dio mittelliasische Cephalopoden- 
fauna desHinter Schafberges, Abhandl. K. K. Qeol. Keiscbsanst. XV, Bd. p. 65,Taf. 
IX. fig. 3). In the lower lias this group of J tract it eg is represented by A. Uaricva 
Guembel, and by an unnamed species of Valcsaoca (Bukowina), which has been 
mentioned by Uhlig (Ubcr eine unterliasiscbe Fauna aus der Bukowina, Abhandl. 
dee deutsch. naturwiss. med. Vor. Lotos, Prag, 1900, Bd. II, p. 31). Atractitet 
italicu* Mioh. (=orthoceropii* Savi ct Menegh.) is distinguished from our species 
by its elliptioal cross-section. 



Phtlloceras Montgomery! nov. sp. PI. XIII, fig. 1 ; XI, figs. 3, 4. 

This beautiful species is represented in A. v. Erafft's collection by a large, 
fairly well-preserved oast, consistiag entirely of air-chambers, and by several exam- 
ples of smaller size. In its shape and sutures it shows a very great resemblance 
to Phylloeerat pertanente Herb., from which it differs only by some characters 
of minor importance. 

The shell consists of vory stout, rather rapidly increasing whorls, which 
overlap one another to more than one half of their height, and leave a compara- 
tively wide umbilicus open. Tho cross-section i* rectangular with rounded-off 
margins. The broad siphonal area is flatly arohed. The greatest transverse 
diameter is situated in the middle of the height. The lateral parts are almost flat 
and pass Into the vertical umbilical wall by an obtusely rounded edge. The 
surface of the cast has been slightly injured by weathering. It cannot be decided 
therefore whether or not a dclioate ornamentation was present. But the absence 
of constrictions has been ascertained indubitably. 



AMMONOIDEA. 



Fam. : PBYLL OCEBA TI DjE, t . Zittel. 



Gen. : Phtlloceras, Suess. 
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That this species is a Himalayan representative of the Kuropean group of 
Phyllocerat pertanente, is obvious from a oomparison of the illustrations given by 
TJhlig and Fucini. Among the genus Phyllocerat this group forms a very 
characteristic section, distinguished by its stout shape and rectangular cross-seotiou 
and by the remarkable development of the principal lateral lobe among its sutural 
elements. Among the species from the lower lias belonging to this group there is 
unfortunately only a single one, Phyllocerat pertanente Ilorbich (Sroklerland, 
Mittei). aus dem Jabrb. der Egl. L'ngarisohon Geologischen Anstalt, V, p. Ill, Taf. 
XX, E. fig. 3 ; XX, P. fig. 1), of which satisfactory information is given by the 
memoirs of Uhlig (Uebor cine unterliasische Fauna aus dor Bukowina, Abhandl. 
Deutsch. naturwiBS. med. Ver. Loto», Prag, 1900, Bd. II, p. 15, Taf. I, fig. 1) and 
Fucini (Cefalopodi liasici del Monte di Cetona I, Pnlmontographia Ital. VII, 1901, 
p. 22, Tav. IV, figs. 1, 2). To this species our Himalayan typo is certainly very nearly 
allied, although it is specifically different. Both species agree in the shape of the 
cross-section, which if) almost identical, but Phyllocerat llontpotneryi has more 
rapidly increasing whorls, which overlap one another le's Wrongly, a wider 
umbilicus, and no constrictions. The absence of constrictions distinguishes our 
species likewiso from Ph. Calais Mcneglnni (Fossilcsdu Mcdolo, Pnloont. Lombardo 
4e ser. p. 24, Tav. Ill, figs. 1, 2), PA. dttbium Fuoini (/. c. I'aUoont. Ital. VII, p. 
27, Tav. V, figs. 5, G) and Ph. microgonium Gemmellaro (Sui fossili degli strati a 
Ter. Atpatut eta, p. 10, Tav. I, figs. 4-6). In the relative si»e of tlie umbilicus our 
Himalayan form agrees better with the latter speoics than with Ph. pertanente. 

European species of this group, which arc conspicuous by the absence of 
paulostomatio constrictions, are Phyllocerat Uptophyllum v. Uarn-r, Ph. tubcylindri- 
cum Neumayr, and perhaps Ph. Ilebertinum Keynes.* 

Phyllocerat leptophyllam v. Ilauer is only known to us by the unsatisfactory 
description and illustration givon by Hcrbich (1. c. p. 112, Taf. XX, H. fig. 1). 
It differs from Ph. pertanente by its whorls increasing more rapidly. In this 
character it approaches our Himalayan specimens very olosely. No front view of 
F. v. nauet's type having been figured by Herbieh, a closer comparison is, unfor- 
tunately, not possible. Provided a complete agreement in th»»ir external characters 
should be proved, no specific identity of P. leptophyllam and P. Montgomery* 
could be established, regarding the difference in tho arrangement of their sutures. 

Phyllotera* tuhcylindricvm Noumayr (Zur Kenntuis dcr Fauna des untcrstco. 
Lins in den Nordalpen, Abhandl. K. K. GeoL Beicbsanst. VII, p. 22, Taf. T, fig. 
15) is distinguished by higher, more strongly compressed and more slowly increas- 
ing volutions but agrees with Ph. Montgomeryi in the width of tho umbilicus. 

* Pkflloceras <i/i>a<7xiriiiGimlteIlaro (Sui £aaailidegli atratl & Terehratula Aipitiitt, ttr., Palermo. 198*. p. 9, T»t. 
I, 6(t. 7i II. fig*. 18-SO) ouuuit I* raunted among thaw ipecun, u might be auggeatol from a carwrr examination of 
GciumellaTo't itltiitraiion <m 11. 1, tig- 7. Th« nna]l« «x<ui>pU> U providoil with four or live cotunriL'tHMa, *« it otiriaos 
from GfmmoUaWa demriptiiw. Poanpeokj haa dia«r»»r«t • tptrUo ailhor i.lentkal with cr frry 'lowly allied to 
Ptuntrmtimnm it tba liawSn atraU of K Mailt tub, Aait Minor. ThU ap«i« ihowa daap wiirtrictiuoi wiUi their 
direction tuned imj atiosgl- fotwaid (Pa'axntologUrbe and atratigniphiach* NoUirn aaa Anitolini, Z*;t«h. 
Dotacb. Geol. Gaa. 49. B4. ;r 97, p. 733, Taf. XXIX. «ga J-8). 
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Phylloeerat Uebertinum Reynos (Kssai do gebl. ct palcont. Aveyronnaises, p. 
94, PI. II, fig. 3) is a dwarf species, with its lateral parts more strongly arched 
than in PA. pereancnse. In general its cross-section seeniB to be less distinctly 
rectangular, especially in the typos from the iledolo, whioh hare been illustrated 
by Meneghini (Possiles du Medolo, 1. c. p. 30, PI. Ill, fig. 6), which is provided 
with whorls of noirly elliptical outlines. Ths spooics from the Kessik tash (Asia 
Minorl, which his beon rofem-d to PA. Uebertinum by Pompcckj (Zcitscbr. 
Doutsch. Geol Ges. XLIX, p. 730, Taf. XXIX, fig. 10), shows a closer affinity to 
PA. persanenee than the typos from the Medolo. Tho greatest transverse diameter 
» situated in the upper portion of the height, the lateral parts and siphonal 
area are flattened less distinctly and the umbilicus is narrower than in PA. 
Montgomery*. 

Dhneutiont. 

Diarartrr of tho iholl .... ..... SS mm. 

„ ,, ,. umbUioit .... .... IS ., 

Height of the f abort thu tiintilir»l nifim 434 „ 

Uil rotation X •< pawling wIioH . • . ecu. 34 „ 
Thicknow of tli« Wt volution 39 

Sutures. — The sutural line is not entirely known to me. As far as accessible 
to examination it agrees pretty woll with the sutures of Phyllocerat pertaneute. 
The less rich ramification of tho branches and the more massive shape of the saddles 
may be partly due to a stronger weathering of the casts in my Himalayan sf>eci- 
mens. In the chief characters of tho sutural line, namely, in the high position of 
the siphonal lobo and in the width of tho lateral lobes, especially of the principal 
lateral lobo, there is a complete agreement between the two species. 

The principal lateral lobe is nearly twice as doep as the siphonal lobe and is 
tripartite at its base. The following lobe* diminish gradually in depth. The 
siphonal lobe is narrow, bifid and divided by a median prominence with entire 
borders. The siphonal saddle is diphyllic. Of its two lateral branches tho inner 
one projects strongly beyond the inner terminal leaf. The lateral saddles are 
also diphyllic. The principal lateral and siphonal saddles arc of nearly equal 
height. 

Tlio sutural line can only bo traced as far as the outer wall of the first auxi- 
liary saddle, but from its position wo are allowed to suggest that the number of 
auxiliary olomeats must have been comparatively small, smaller probably than in 
the types of PA. penanente illustrated by Uhlig and Fucini. 

The sutural line of Phyllocerat leptophyllum v. Haucr, although imperfectly 
known to us by Herbich's illustration, differs certainly from the sutures of PA. 
persanente and P. Montgomery i by the shape of the siph onal toddle. Whether or 
not Fucini is right in uniting P. leptophyllum with P. convexum de Stefani (Lias 
inferiore ad Arieti dell' Appennino scttet.tiionale, Atti Soc. Toscana di Keienze nat. 
in Pisa, Memorie, VIII, 1887, p. 49, Taf. I, fig. 14; II, fig. 16), cannot be decided 
until laiger materials of both species are available for examination. 
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Remarks. —The propriety of uniting the group of Phyllocerat pertauente with 
the subgenus Geyerocerat Hyatt, which lias been proposed for the accommodation of 
PA. cylindricum Sow. and its allies, is questionable. The two groups agree in the 
rectangular shape of their transverse sections and in the generality of their ex- 
ternal characters, but the sutural lino of PA. eylindricum is distinguished from the 
sutures of Ph. pertanente and its allies by the triphyllic arrangement of the 
siphonal saddle and by the doep position of the siphonal lobe. To me both charac- 
ters nppear to be of sufficient importance for separating the present species from 
Hyatt's subgenus Geyerocerat. 



PHYLLOCHRA8 Sclatbui nov. sp. PI XII, (1g. 2; XIII, fig. 3. 

This species, which is represented by two nearly oomplete and well preserved 
oasts nnd by some fragmentary examples, is closely allied to Phyllocerat Lipoid* 
v. Hauer, from the lower lias of the Mediterranean province. The Mediterranean 
species, which is well known to us from the memoirs of F. v. Hauer (Bcitraege zur 
Kennttiis dcr Heterophyllen in den oestcrr. Alpen, Sitxgsber. Kais. Akad. d. 
"Wiss. XII, 1H54, p. 891, Taf. Ill, tigs. 8-lo), Keynes (Monographic des Am- 
monitos du Lias infericur, Atlas PI. XLIV, figs. 27-31), Geyer (Ueber die liasi- 
sehen Cepbalopoden des Hierlatz bei Hallstatt, Abhandl. K. E. Ocol. Reichsanst. 
XII, p. 220, Taf. I, fig*. 13, It) and Fuoini (Cefalopodi liasioi dol Monto di Cefcma, 
Pakeont. Ital. VII, 1901, p. 21, Tav. IV, Eg. 9) is distinguished by its compara- 
tively wide umbilicus and ovoid cross-section. In both characters my Himalayan 
species agrees with the European typo, from which it differs, however, by its higher, 
more strongly compressed whorls, which inorease more slowly. But in genoral 
the two species approach each other so closely iu thoir external features, 
that with transitional shapes at hand, the Himalayan form might be termed a largo 
and com pressed variety of PA. Lipoldi. 

In my larger type-specimen exactly one-half of the last volution belongs to the 
body-chamber. The umbilical wall is very steep and separated from tho Banks by 
an obtusely rounded edge. 

Fucini considers Phyllocerat Hebertinum Keynes to be the nearest ally to Ph. 
Lipoldi. Ibis near affinity is, however, restricted to tho type from Medolo, as 
illustrated by Meneghini (Foasiles du Medolo, Paldontologie Lomb. IV, A ppendioe, 
PI. Hl.fig- 6) and not extended to the types from Areyron as described by Roynes, 
or from Asia Minor, which have beau discovered by Potupockj. From tho present 
species Meneghini's examples of PA. Hebertinwn differ romarkably by their whorls 
increasing more rapidly, by tho absence of a distinctly defined umbilical margin, 
by their inflated and regularly elliptical— not ovoid— oross-scctions, and by their 
smaller umbilicus. 

Tn Phyllocerat Waehneri QemmoUaro (Sui fossili dogli strati a Ter. Jtpatia, 
p. 11, Tav. I, figs. 1-3) the whorls increase still more rapidly, the umbilicus 

K « 



68 



HIMALAYAN FOSSILS. 



is considerably smaller, and the greatest transverse diameter is situated above the 
middle of the height. 

Phyllocerat ancylonotot de Stefani (Lias inferioro ad Arieti del Appennino 
settentrionale, Atti Soc. Toscana scion ze nat. Pisa, Mem., Vol. VIII, 1887, p. 50, 
lav. II, fig. 15), wliioh is considered as identical with PA. Lipoldi by Facini, has 
been based on a fragment too incomplete to warrant a certain identification. It 
shows no closer affinity with our Himalayan speoies, having mora elliptical outlines 
and a narrow umbilicus. What is seen of the sutural line of PA. ancylonotoa in do 
Stefani's illustration does not agree with the sutures of PA. Lipoid i, the siphonal 
saddle appearing to be considerably larger than the principal lateral one. 

LtW%efl9%OM • 

DUmflUr of the iliell . 76 mm. 

„ „ „ um'ilini* • . . IS „ 

Hri K hl of the ( abova the umbilical auton 88'S H 

l»i.t Tololion I ., .. pwuolin^ whiwl SO „ 

ThkUiiwa of tbo laiit volution a. 98 6 „ 

Suture*. — The illustrations of the sutural lines of PhgU. Lipoid* in the 
memoirs of F. v. Hauer, Geyer, and Fucini do not agree in a satisfactory manner. 
The differences ore too remarkable to bo explained by the different state of 
preservation of the oxamples examined. The sutures illustrated by F. v. Hauer 
and Geyer show t> assive saddles with broad stems, whereas the lobe linn figured by 
Fucini ib conspicuous by very slender saddles with elongated branchos and small 
terminal phylls. I have had tho opportunity of examining Geyer's type-specimen 
from the Hicrlatz and of convincing myself of the absolute correctness of his 
drawings. 

The sutures of Phyll. Sclateri Uko an intermediate positiou between those 
in Goyer's type from the Hicrlatz and in Fucini's examples from the lower lias of 
Monte di Cetona, exhibiting saddles which are deeply inoised, but provided with 
large terminal leaves, All saddles are diphyllio, as in PA. Lipoldi. The siphonal 
lobe is ns deep as the second lateral one, not remarkably inferior in length to the 
principal lateral lobe, and very narrow. All the lateral lobes are tripartite at their 
base, the median point being the longest. 

There are four auxiliary lobes and three corresponding saddles developed in tho 
last septum preceding the body-chamber. 

The siphonal saddle has four branches, including the two terminal phylla. It 
is considerably shorter than the principal lateral saddle. 

Phylloceras sp. ind. aff. Sclitebt, Dien. Fl. XIII, fig. 2. 

This species, which is represented by a single, imperfectly preserved cast, 
recalls still more strongly Phylloceras Lipoldi than the typical PA. Sclateri. 
It hat the lateral parts not flattened, but regularly although moderately arched, and 
a comparatively high and steep umbilical wall, which is separated from the flanks 
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by an obtusely rounded edge. The umbilicus is wider than in Phylocerat Lipoldi 
and in Ph. Sclateri. The whorls envelop one another for two-third parts of their 
entire height. 

J)imen$iott». 

Dumtln of th. .bull 66 mm. 

„ „ ., aiuhi)icn< 1J „ 

Height of th« i »bovo tin qmbilinkl tatiiro 86 „ 

hut volatioB I „ . ptwoding whorl » „ 

thickDw.ofth.lwtvol.tion 81 „ 

Suturet.— The sutures are distinguished from those of Phylloccras Sclateri 
by a smaller number of auxiliary lobes, corresponding to the larger diameter of the 
umbilicus. There are only three auxiliary lobes and two saddles developed. The 
umbilical margin divides the second auxiliary saddle, whereas in PA. Sclateri three 
auxiliary saddles are exposed within the distance between the second lateral saddle 
and the umbilical edge. 

Phylloceras Horsefiisldii nov. sp. PI. XII, fig. 3. 

The specimen illustrated, a east consisting of air-chambers only, agrees in its 
external features with Phyllocerat oenotrium Fucini (Cefalopodi liaaici del Monte 
di Cetona, Palicont. Ital. VII, 1901, p. 3i, Tav. V, figs. 8. 9 ; VI, fig. 1) in such a 
remorkablo way, that I should not have hesitated to identify it with this character- 
istic speoies from the lower lias of Italy but for the fact that tho leas complicated 
structure of its sutura! line required a specific separation of the Himalayan form. 

It is provided with rapidly increasing, very high and strongly compressed 
whorls, which iucludn a comparatively wide umbilicus. The lateral parts are 
very flatly curved, reaching their greatest transverse diamotcr below the middle of 
their height. Ttie umbilical mar sin is narrowly rounded. 

From the typical shape "of Phyllocaraa Zete* d' Orb. ( = Ammonitet heter- 
ophyllut amalthei Qnenatcdt, Ophalopodcu, p. 100, Taf. VI, fig. 1) our specimen 
differs chiefly by its wider umbilicus. It is distinguished both from the species 
from Enzesfeld, which his been united with PA. Zeiei by F. v. Hauor (Cephalopo- 
don aus dom Lias der nordustlichen Alpen, Denksehr. Kais. Akad.d. Wisscnsch. XI, 
1855, p. 50, Taf. XVIII) and from PA. pailomorphnm Neumayr (Zur Kenntnis 
dor Fauna des unterstcn Lias in den Nordalpen, Abhandl. K. K. Geol. Rt-iousanst. 
VII, p. 21, Taf. II, tig. 4) by a more regularly oral shape of iu cross-section. In 
those two species the lateral parts converge as flat planes from the place cor- 
responding to tho greatest transverse diameter, towards the rounded external part, 
whereas they are curved very, distinctly in the direction of the umbilicus. This 
imparts to their cross-sections a sagittal or subsagittal shape, whereas in my Hima- 
layan species the lateral parts are distinctly and regularly, although discretely, 
arcbed. 

Phyllocerat globcrrimum Neumayr (1. c. p. 20, Taf. II, figs. 3, 3) is too imper- 
fectly kno irn to permit of a closer comparison with the present species. 
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Dimen*ion$. 



Dwmoirr of the »heU 
w M ,i umbilimu 



67 
0-5 
89 



Height of the (ftbora the omWIiooI mtare 
]»t volution I ., ., preceding whorl 

ThicliDMe of «h. '.u»t Tolntion 



Sutures.— The sutures of this species are very much like those iu Phyllocera* 
dubium Fucini (1. o. p. 27, Tav. V, figs. 5, 6) and iu the Italian types of PhyUocerat 
Lipoid* dtscribed by that author. 

The siphonal lobe is shorter than in Ph. dubium, as it docs not reach the 
length of the second lateral lobe. The principal lateral lobe is very broad, nearly 
as broad as in the group of Ph. persanente Herb. All the lobes as far as known 
arc tripartite at their base, but with the lateral branches arranged asymmetrically 
to the median indentation. The saddles are diphyllic, with large terminal leaves. 
The lateral branches are especially well developed in the siphonal saddle, which is 
provided with a narrower stem than the rest of the saddles. 

There arc two auxiliary saddles present within the distance from the second 
lateral saddle to the umbilical margin. 

From the sutures of Phylloceras oenotrium the sutural line of this species differs 
so remarkably by its more simple structure, that a close allinity of the two forms 
is rather doubtful, notwithstanding their great external similarity. For its nearest 
relationship we will porhap* have to look among the group of PA. Zipoldi. From 
PA. Sclateri the present species is distinguished not only by its external features, 
but also by considerable differences in its sutural line, especially by the large size 
of its siphonal saddle, which is ramified more richly. 



This species, which is represented by a single, almost entirely chambered 
oast in A. v. Krafft's collection, belongs to the relationship of Phylloceraa Uorte- 
fieldii, as is obvious from the similar structure of its sutural line. 

In its external shape and involution it is distinguished from Ph. Hortrfieldii 
by its whorls being more strongly convex and arched li-as regularly. The greatest 
transverse diameter is situated in the umbilical region. In the posterior half of 
the last volution it coincides with the umbilical margin, which is rounded off 
slmrplv. Near the aperture it is shifted somewhat towards tlie lower part of the 
flanks, which pass into the high and steep umbilical wall in a more regularly 
rounded curve. Thus tho transverse section is of a decidedly subsagittal shape, 
much more so than in Phylloceraa oenotrium Fucini. 

This character of the cross-section distinguishes our species from tho group 



of Ph. frondotum Keynes (Essai de geol. et paloontol. Avejronnaiscs, Paris, 1868, 
p. 98, PI. V, fig. 1). In the typioal shapes of PA. fro»do$um the cross-suction 
is, according to Fompeckj (Zeitschr. Deutsoh. Geo). Ges. -19, Bd. 1897, p. 729) of 



Phtllockras Caldwellii nov. sp. PI. XIII, fig. 4. 
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regularly elliptical outlines, whereas it is slightly oval in some forms described by 
Fueini (Cofalopodi liassici del Monto di Cetona Pt«. I, Pal. Ital. VII, 1901, p. 43) 
as transitional shape* connecting the typical PA. frondoaum and PA. Waehneri 
Gomra. But in some of thorn the greatest transvers« diameter is situated as close to 
the umbilical region as in our Uimalayan species. 

Tho si phonal part is narrowly rounded at the beginning of the last volution, 
but becom«8 curved more tiatly in the vioinity of tho aperture. 

The umbilicus is as wide ami deep as in specimens of PA. oenotrinm of 
equal size. 

Dimension*. 



Oi«nrirrof tht.hdi 92 am 

-, ,. „ «uil>i!icu» B'4 „ 

Haigbt ot tbo } above tbt umbilical oiUure 48 „ 

Im( »»JutioB ) ,. „ iw«*dinjj wborl 86 ,. 

ThirkneM of tW l«l rolniiou 83 ,. 



Suturea. -Agreeing in ijoueral with tliose of Phylloceraa Hortefieldti. All 
main saddles diphyllic. Three auxiliary lobes and saddles outside the umbilical 
suture. The se.;>nd auxiliary lobo coincides with the umbilical margin. The two 
inner auxiliary saddles are nionophyllic. 

The most characteristic feature in the sutural line is the shape of the 
principal lateral low, which is very large at its base and very narrow iu its uppar 
portion, where tlie branches of the bordering saddles approach one another 
considerably. A strong divergence of the basal branches of this lobe has also been 
notiojd in Phylloceraa Iloraefieldii and in this group of Ph. frondoaum, but in 
none of the species bal mging to tUc latter group is it developed as strongly as in 
Ph. Caldtoellii, in which the distanoa of tho extreme basal points of this lobe is 
equal to two-fifths of the entire radius. 

This remarkable onl irgomont of the basal region is restricted to the principal 
lateral lobe Tue second lateral lobe is of normal shape. Its median terminal 
point reaches considerably deeper than tho two lateral points, whereas in the 
prinoipsl lateral libs the difference in depth between the throe basal points is 
almost insignificant. 

The terminal branches of the two lateral lobes approaching one anothor very 
closely, the stem of the principal lateral saddle is laced at its base more strongly 
than in Phylloceraa Honefteldii. 

Remarks. — Among the undeseribed species of Phylloceraa from the lower 
Lias of Adneth the™ is one, which, from its external similarity, might be supposed 
to be nearly allied to the present form. 

Puiliockras sp. ind. ex aff. Dibneki Roscnbg. PI. XII, fig. 5. 

This is a very remarkable species of Phylloceraa, which deserves mentioning 
notwithstanding the very incomplete and unsatisfactory state of preservation of the 
only specimen available for description. 
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It is a widely uinbilicated Phylloceraa with flatly arched lateral parts and with 
a nearly elliptical cross-section. The greatest transverse diameter corresponds to 
the middle of the height Tho aiphonal part has not been preserved nor am I able 
to give any exact measurements of tho cross-section. 

The most rcmarkablo feature of this species is the development of distinct 
narrow paulostomatic folds, which aro directed radially and show an inverse 
irabrioation. The two folds, which arc clearly exposed in the figured fragment, 
are disposed at right angles. Traces of a third radial fold have been noticed 
exactly opposite tho anterior one. The folds woro probably eonncoted with faintly 
marked paulostomatic constrictions, but tho poor state of preservation of my only 
type-specimen is not sufficient for a positive conclusion. 

In the lower lias of the Kratzalpe (Salzburg) there is an undescribed species, 
for which tho name Phylloceraa Dieneri will be proposed by Rosenberg, wh<> is 
studying the fauna of this locality, which recalls tliB prespnt cast in its external 
features. It is also provided with radial folds, which ar<? disposed at right angles, 
each quadrant of the last volution beiiit; separated from tho neighbouring one by 
a radial fold, which is accompanied by a low constriction. 

Dimentions. — Not measurable. 

Sui urea.— Sat known. 



Subgen. : Schibtoputllocesas Hyatt (Group of Phylloceraa 
Uermaeteiue Herb.) 

P B. YLLOCK K AS (SCHISToPHYLLOCERAS) MOXGOLICTTM nOV. sp. 

PI. XI, fig. 2 ; XII, fig. 1. 

This species is a representative of a very remarkable group of PhyUocerattda 
which is distinguished by wide umbilici and by a triphyLlie termination of tho 
principal lateral saddle. Two Alpine sponics of this group have been studied 
most carefully, namely, Phylloceraa Vermceaenae Herb, and Ph. pbtntijAra 
Beyncs. To b nth of them our Himalayan form is very closely allied, without, 
however, being actually identical with cither of them. 

The new name Phylloceraa mongolicum is proposed for two specimens. One 
of them is well preserved and nearly complete, one half of its last volution belong- 
ing to the body-chamber. Tho second one is a fragment of the last volution, 
comprising the last air-chambers and a portion of the body-chamber. In this 
specimen the sutural line has been excellently preserved. 

The nearly complete specimen illustrated on PI. XI, fig. 2, agrees in its shape 
and dimensions very closely with the type-specimen of Phylloceraa Uermoeaeiue, 
Herbich (Szcklurland, Mittcilungen aus dem Jahrb d. ungar. Geol. Anst. V, p. 
113, Taf. XX, K. fig 1). The slowly increasing whorls leave a wide umbilicus 
open. The shape of the shell is disciform, with strongly compressed volutions. 
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The transverse section is irregularly ovoid, with the largest transrerse diameter 
situated in the lower part of the height. 

In their involution the two specimens do not agree exactly. In my 
Himalayan type the whorls overlap one another to more than ono half their 
height. In Herbioh's typo-apeoimen the rate of involution is less consider- 
able, bnt among tho Alpine representatives of Phyllocerat Uertnanente, illustrated 
and described by Waehner (Beitraege zur Kenntnis der tieferen Zonen des Lisa 
in den nordoestliohen Alpen, Beitraege zur PaUeont. und Geol. Oesterr.-TJngaras, 
etc., Bd. XI, p. 173, Taf. XXIII, figs. 3-5, Taf. XXIV, figs. 1-8), there are some 
examples in which the overlap of the two last volutions Is scarcely inferior to that 
in Ph. mongoliovm. 

The siphonal part is sharply rounded, more sharply oven than in any of the 
Alpine examples of Pkylloeerat TTermccaeiue illustrated by Waehner, but never 
acute. Tho lateral parts are marked off from a steeply inclined umbilical wall 
by an umbilical edge, which is obtusely rounded. But the umbilical wall is 
neither as steep nor separated from the lateral parts as sharply as in the majority 
of tho Alpine typos of Ph. Uermoesense. It is especially in the inner volutions 
that the low umbilical wall passes into the lateral parts more gradually. In this 
character my specimen might be oompared with tho European type illustrated by 
Waehner on PI. XXIII, fig. 3. 

Tho peristome has not boon preserved, but a deep contraction preceding the 
aperture of my typc-speoimen might perhaps indicate the vicinity of the actual 
peristome, provided it were not accidental. 

As has been demonstrated by Waehner, in Phyllocerat Uermcet'tue an inter- 
nal shelly ridge is occasionally developed along tho median line of the si phonal 
part. In casts the presence of this internal ridge is marked by a deep, angular 
depression or furrow. Specimens showing this external furrow have been de- 
scribed as Ph. auloaoiwn by Htrbioh (Szeklerland, 1. c, p. 115, Taf. XX, G. fig. 2). 
It is worth mentioning that among tho materials collected by A. v. Krafft there is 
also a fragment with the trace of a siphonal furrow, recalling somewhat casts 
of Ph. aulonotum. It is too fragmentary to permit of a specific identification. 

Waehner's amalgamation of Phyllocerat Uermceaenae and Ph. aulonotum has 
been doubted by Prini (Centralblatt f. Mineral, etc., 1906, p. 238), who considers 
the latter species as the prototype of a new subgenus Eochiles (— Schiatophyllo- 
cerat Hyatt), but I am not inclined to follow his view, agreeing entirely with 
Uhlig (Contralblatt, I c, 1906, p. 421), that no valid arguments have as yet been 
raised against the correctness of the results of Wnehner's careful studies. 

It is not impwiblc that a broad and low keel occurs in the vicinity of the 
aperture of my Himalayan type-specimen, as has been described in large 
examplos ot Phyllocerat Uermatente by Waehner, but its presence cannot be 
ascertained, this region of the external part having suffored from weathering. 

Piuilostomatio constrictions or folds are entirely absent in all my specimens. 

Fragments of the shelly substance, as far as preserved, are nearly smooth. Of 
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the radial stripes and strife, which have been dcsoribod and illustrated in Phyllo- 
ceras Uermmten** by Waehner, no traces bave been discovered, but this fact may 
be partly due to the imperfect condition of the test. 

PhyHocerat Uennatente is certainly more marly allied to PA. mougolieum 
than any congeneric species of this group. There exists also a close similarity with 
PA. planitpira Reynfes. The chief character of distinction between the two 
species is the difference in size, Ph. planitpira being a small form which never 
exceeds 50 mm. in diameter. As has been remarked by Uhlig (Veber eine unter- 
liasische Fauna aus der Bukowina, Lotos, Prag., 1. c, p. 17), the umbilical wall 
of Phyllocfntt planitpira always slope* at flat augles, and has a Uroidly rounded 
margin. In these two features our specie* agrees more closely with Ph. Uermce- 

I)imen»ioiia. 

Di»meter of the (hell , 92 mm. 

„ „ ambilicua . . • ' . . . . . 90 M 

Height of the ( sbovo th« uml.iliaJ tuture S5 „ 

hut Tolutinn (, „ „ prmdini; whorl . . . . . Si „ 

ThlokneM of the la*t volution ....... 'ii „ 

Suture*. — The sutural lino shows a remarkable similarity with the sutures of 
Phylloeerot Uermoetente, from which it differs, however, by the more robust sliape 
of the saddles, the phylla bsing considerably smaller iu comparison to the stems, 
and by the smaller number of auxiliary elements. In both characters it seems to 
agree, perhaps, somewhat more nearly with the sutures of PA. planitpira, although 
a closer comparison is rendered difficult by the incorrect illustration in Revues' 
memoir and by the very small size of the sutural lines which have been illus- 
trated by Uhltg and Geyer. 

The siphonal lobe is very short, reaching less deeply than the external branch 
of the principal lateral lobe. The second lateral lobe is shorter than tho principal 
one, but longer than the first auxiliary lobe— which should, perhaps, be designed 
more exactly as third lateral lobe. From the first auxiliary lobe the line con- 
necting the basal points of the following two lobes runs in a radial direction toward 
the umbilical suture. A third lobe is situated on the umbilical wall. 

An equal number of auxiliary elements has been counted in small examples of 
Phyllocerat Uermceseime by Waehncr, whereas full-grown types reaching tbe 
dimensions of our specimen (Fl. XII, fig. 1) are provided with six auxiliary 
lobes. 

The siphonal saddle is diphyllic, the inner terminal leaf being the higher one. 
The second inner leaf following underneath the terminal phyllnm projects 
rather strongly, making the principal phylla of this saddle approach a tripartite 
arrangement The principal lateral saddlo is distinctly tripbyllio, the middle leaf 
being the highest, tbe external phyllum standing a little deeper than the internal 
one, and at a nearly equal lovol with the inner terminal phyllum of the siphonal 
saddle. It is considerably larger than its neighbours. The two following saddles 
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exhibit a diphvllic arrangement. The second auxiliary siddle has one singb term- 
inal leaf. 

It is obvious from a comparison of the sutural lines in Phyllocern* U*>rmce- 
tente and PA. mongolicum that there is an almost complete agreement in tho 
arrangement of the phylla of the saddles, even in tho minor detail*. Nevertheless 
there exists a decided difference in the general shape of the saddles, the lobes being 
comparatively broad, the stems massive, the pliylla small and slender in my Himal- 
ayan specie?. 

Should the differentiation of the present species not be oonsiderod justified by 
it* external features of distinction— which in this as in so many other eases is 
only a mutter of individual conception or personal judgment — the structure of its 
sutural line would, icoording to my opinion, require its separation from Phyllo- 
ctrat Vertnatenae. 

Remarks.— Thero is some difference of opinion among paleontologists regard- 
ing the systematic position of Phyllonerat Uermwsense. 

If all Phylloeeratidct with a wide umbilicus arc included in the genus (or 
subgenus) RhaeophgllUe*, as interpreted originally by K. v. Zittel (Handbuoh dor 
PaUeontologic, II, p. 439), PA Uermatens* must certainly be grouped with this 
genus. Th<i interpretation of Rhacophyllite» proposed by E. v. Mojsisovics in 
1902 would not give us any clue for a decision, because, of the two characters of 
suhgeneric importance, namely, presence of a short siphonal lobe and diphyllic or 
triphyllic arrangement of the main saddle? but monophyllio auxiliary Middles, the 
first character is developed in Ph. Uermmiente, whereas tho second is not. 

If the subgeneric designation of RhaeophyllUei is restricted to those forms of 
Phyllocerat in which the body-chamber differs from the chambered parts of the 
shell in shape and soutpturc, or in which the auxiliary sories is united into a sus- 
pense lobe, as has been proposed by E. v. Mojsisovios in 1882 and by Geycr in 
18SG, it is equally difficult to decide whothor or not PA. Uertncesense should be 
grouped with Rhacopkyllite*. Shape and sculpture of the body-chnmber do not 
agree exactly with those of the chambered parts of the shell, because occasionally 
a shelly internal ridge and a low keel are developed in tho body-chamber. The 
auxiliary elements are not united into n sloping suspensive lobe, but show a serial 
arrangement, decreasing in size quite regularly from the second lateral lobe to the 
umbilical suture. 

Hyatt (Zittel's Text-book of Palaeontology, English edition, Cephalopoda, 
p. 568) has elevated Phyllocerat auionotum Herb., whicb, according to Wnohner, is 
identical with Ph. Uermcesente, to the rank of a proper subgonus, Schittophsilh' 
cerat. To the same group of Phyllocerata Prinz has applied the subgenerio 
designation of Kochite*, which, regarding the law of priority in paltBontological 
nomenclature, cannot be accepted. 

The subgeneric value of a character, which is rather faintly marked and not 
even developed in all specimens of PA. Uerm&iente, might be questioned- It 
might also be taken into consideration, as it has been remarked by Uhlig, that the 
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development of a keel in Phgtlocerat is a very subordinate feature in the history 
of its evolution, the oarinate forms disappearing without having given ri»e to any 
progeny. If a subgeneric rank should, notwithstanding those objections, be attri- 
buted to the group of Phglloeerat Ue>-m<etente-aulonotum, the present species from 
the exotio blocks of Malla Jobar ought, probably, to be grouped with Schittopkgllo- 
cerat, although the presence of a keel has not been ascertained. 



Subgen. : RnACorarLiiTxa v. ZitteL 
Rh&cophyllit£8 of. gioas Fucini. Fl. XI, fig. 1. 

1901. RltatophyllUu }if<u Pacini. Ofalopodl liwici del MoaU di Crtnu, Ft*. 1, Pdaaat. 1UL. VII. 
p. 69, T.i. IX. ftp. *-S. 

This species is represented in A. v. Krafft's collection by a well-preserved cast 
without any trace of its shelly substance. It consists both of air-chambers and 
the body-chamber, to which exactly one half of the last volution belongs. It is an 
Indian representative of a group of Bhacophyllitet which is widely distributed in 
the lower and middle lias of Europe, and is very nearly allied to Bhacophyllitet 
gigat Fueini, Bh. tranttyhaitieut Ilauer and Bh. dioptit Gemm. I have referred it 
to the first of these three specie* as c/., although it is perhaps not exactly identical 
with it 

With the typo of Bk. gigat illustrated by Fuoini on Fl. IX, fig. 4, of his above- 
quoted memoir, my Himalayan specimen agrees in all its characters of specific 
importance. The whorls are strongly compressed and include a wide umbilicus. 
The lateral parts are very gently arched and separated from the high, steeply 
inclined umbilical wall by a distinct, obtuse edge, which becomes gradually 
rounded in the body-chamber only. The largest transverse diameter is perhaps 
situated a little higher than in Bh. gigat, but the difference can be insignificant 
only. The external part is regularly rounded, neither inflated nor trunoatod. 

The surface of tho chambered parts of the shell is smooth. Near the begin- 
ning of the body-chamber an indistinct sulcus or constriction has been noticed 
crossing the sculpture in front at oblique angles. The sculpture, whioli is restricted 
to the body-chamber, consists of strong and moderately sharp ribs, which are 
separated by broad intercostal valleys. Fifteen ribs are counted altogether within 
tlie circumference of the body-chamber. The ribs aro slightly falciform and 
describe a crescent-shapod curve, with its convexity turned forward in crossing the 
siphonal area. This is the placo where they reach their maximum strength, whereas 
they are obliterated gradually in the lower part of the flanks. None of them 
reaches the umbilical region. 

From the Kalian type of Bhacophyllitet gigat our speoimen differs in some 
subordinate details of its shape and sculpture. Its whorls increase more 



Digitized by Google 



UPPER-TRIASSIC AND LIA88IC FAUNJJ. 77 



rapidly, as is obvious from a comparison of the dimensions in the two following 

.1 

H imiUym t jp* Fariw't type- 

f*Amm. tpte'tmm (PI. IX, tg. 4). 

roftk.»kdl SB mm. . .78 mm. 

- r » umbalioon M „ ... IT'S „ 

■ 

The difference in the width of the umbilicus is larger than in the height of 
the last volution. Nor do the proportions of height and thickness in the transverse 
section agree exactly, our MiuiAlayan form being comparatively thicker than the 
Italian type-specimen illustrated by Fucini on PL IX, fig. 4. But there are some 
other European examples of Bh. gigat which seem to agree better with our speci- 
men in this respect Puoinl did not suoceed in ascertaining the presence or 
absence of a constriction in the body-chamber of his specimens, although their 
absence in the chambered parts of the shell was made certain. 

If Fucini's suggestion, that the ribs originate in tho vicinity of the umbilical 
margin, could be proved to be correct, this character might be counted among the 
subordinate features of distinction, as in our specimen none of the lateral ribs 
comes near the umbilical margin. 

Among Pacini's illustrations of BhaeophyUitet gigat no viow, unfortunately, 
has been given of the external part. Thus it is impossible to say whether or not 
there exists a complete agreement in the direction of ribs in that region between 
the Himalayan and Italian species. 

A second species, to which the present one appears to be very closely allied, 
is the group of forms from the lower lias of Monte di Cetona, which have been 
united with BhaeophyUitet transnylvanicttt v. Haucr by Fucini (1. c. p. 52, Tav. 
VIII, figs. 1-7). 

As has been demonstrated by Uhlig (Ueber eine unterliosische Fauna aus 
der Bukowina, Abhandl. d. deuteoh. naturwiss. Med. Ver. Lotos, Prag, 1900, II, 
Bd. p. 20), the na-nc BhaeophyUitet tranttylvaaicu* must be assigned to the 
specimen illustrated by Uerbioh on PL XXI of his memoir " Das Sseklerland " 
(Mitt, aus d. Jahrb. d. Ungar. Qeol. Anst. V, 1878). From this type of the 
species our Himalayan specimen differs considerably by tho smaller number of 
its ribs, which arc curved more strongly along the siphonal area. But among 
Fucini's materials numerous forms have been assigned to the Hungarian species, 
whioh might be considered as shapes intermediate between Rk. trwutylvani cut 
and Bh, diopsit Qemm., some of them bearing a greater affinity to our species 
than the typical Bh. tranttylcanicut. It is especially tlie oar. dortocavata 
Fucini (PL VIII, fig. 7) which approaches our specimen in the shape of its cross- 
scotion and in the direction of the lateral ribs crossing the siphonal area in 
cresoent-shaped curves. But tho number of ribs is considerably larger in all the 
Italian types illustrated by Fucini. To this distinctive feature the presence of 
faintly marked paulostomatic constrictions in the chambered parts of the Italian 
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shells must be added, whereas such are certainly absent in my Ilimalajan 
specimen. 

A third species which might put in a claim for closer comparison with the 
present one is Rhacophyllitet dioptit Gcmmellaro (Sugli fossili doprli strati \ 
Terebratula Aiparia della contrnda Rooee rowc prc**o Galati, Giorn. di sci. nat. 
ed econ. Palermo, 1881, p. 6, Tav. II, figs. G-8 ; VI, figs. 1, 2). 

The specific independence of Rhacophyllilei dioptis lias been questioned by 
C. de Stefani, Greco. Fucini and Uhlig, who advocated its amalgamation with Rh. 
Nardil Meuegh. But in his above-quoted memoir (p. 50) Fucini, disagreeing 
with his former view, insists again on a separation of the two species, restricting 
tho name of Rh. A'ardii to Meneghini's type-specimen from Campiglia (1. o. PI. 
VII. fig. 1). 

A comparison between Oemmcllaro'g typo-specimen of Rh. dioptit (figs. 6, 7) 
and my Uimalnyan example is rendered difficult by the fact that tho first is 
provided with tho tost, whereas the latter is a oast. The number and strength of 
ribs are somewhat larger in Rh. diopsis, and the ribs are turned forward more 
strongly. The entire absence of constrictions has been remarked expressly by 
Gemmellaro. From our species Rh. diopsie is, moreover, distinguished by the 
opening of the umbilicus near the aperture of its body -eha tuber whorl, where its 
umbilical suture leaves the normal spiral. 

Two body-chamber fragments from the UierlaU, which hare been described 
a* Rhacophyllitet cf. diopain by Geyer (Ueber die liasischen Cephalopoden des 
Hierlatz boi Hallstatt, Abbaudl. K. K. Gooi. Rcichsanst. XII, p. 225, Tjf. I, fig. 20), 
approach our species in the strength and direction of the ribs more olosely than 
Gemmellaro's type, but are distinguished by the smaller height and greater width 
of their transverse sections. 

From other congeneric species with ribbed body-chambers our specimen is 
easily distinguished. Rhacophyllitet iVardii Menegbini -iu the narrow circum- 
scription proposed by Fucini (1. c. p. ±§, Tav. VII, figs. 1-7) — and Rh. liber tut 
Gt5uimells.ro (I. c. p. t, Tav. II. tig*. 1-5) ha»'« widor umbilici and deep oonstric- 
tioos Rh. luneiuu de Stef.uii (Lias infer, ad Arieti, I. o. p. 57, Tav. Ill, figs. 1, 2) 
and Rh. Qitadrii Meuegh. are provided wit'i a more delicate ornamentation aud 
with paulostomntic constrictions affeoting both tho chambered parts of the shell 
and the body-ohamber. 

Sutures. — The autural line of the present specimen differs from the sutures of 
Rhacophyllite* gigat or Rh. tramtylcanicut by some insignificant details only. 

The siphonal lobe is bifid, very narrow and short, not reaching deeper than 
the middle of the length of the principal lateral lobe. The luteral lobes aro 
tripartite. As in Rh. gigat, the arrangement of basal brandies is different in the 
two lobes, the denticulations adjoining the stem of the principal lateral saddle 
being less deep than the opposite ones. From the first auxiliary lobe the auturai 
line descends towards tho umbilicus, thus exhibiting the arrangement of sutures 
characteristic in typical representatives of Rhacophyllitet. The number of 
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auxiliary lobes coulti not be ascertained, but I do not think that more than three 
could l>e doveloped in tho last septum preceding the body-chamber. 

The siphonnl saddle is lower than the principal lateral one. It is diphyllio. 
Tlie inner terminal branch is higher and larger than the outer one. Fucini 
describes this siddlo as triphyllio, counting the large lateral inner br»nch anions 
the terminal leaves. With this view I am, however, obliged to disagree, the two 
real terminal phylla being distinctly laced at their base and thus separated from 
the next lower phylla, which must consequently be considered as lateral, not as 
terminal ones. 

The lateral saddles are diphyllic. The second lateral saddle differs from the 
corresponding element in Rh. gigat by the larger size of the outer lateral branch. 
Another subordinate difference consists in the shape of the main saddles, which 
are laced at their liases more strongly in the present example. 

RHACOPHTLLITBS SCHOFAaiFORMIS 00V. Bp. PI. XII, fig. 4. 

This species of RhacophyUitet represents a Tery peculiar type, which is 
distinguished by the trumpet-shaped enlargement of its body-chamber in the 
apertural region. 

My type-specimen is a somewhat fragmentary cast, but sufficiently well 
preserved for allowing a satisfactory reconstruction, whioh is enough to rendor con- 
spicuous all its external features. In its involution it agrees almost equally well 
with some widely umhilicated aperies of Phyiloeerat (Pit. Scltttert Dien., PA. 
ptrtanente Herb.), as with some types of RhacophyUitet tteUa 8ow., possessing 
comparatively narrow umbilici. It has been grouped with RhacophyUitet in 
this memoir on account of its abnormal body-chamber. The remarkable change 
in the cross-section of thq last whorl is obvious from the following measurement*: — 

D»iMt«rufU»»WI ■ Him. 

„ „ „ umbilicus ....... 15 

S... }»'">« Wi»i»« of th»u^ TO ia,k, B . ; ; 

Th'?U«M ] r ""' ,b * .* »b. *f " 

The last volution begins with a high and stroagly compressed cross-section 
of a subsagittal shape, the lateral parts converging from the umbilical region, which 
corresponds to the greatest transverse diameter, as very flatly arched planes 
towards the narrowly rounded siphonal part. The whorl increases rather rapidly 
as far as the middle of the last volution, changing its transverse section very 
slowly, which turns gradually from a submittal into a more regularly oval shape. 
In the vicinity of the aperture the width of the cross-section increases far more 
considerably than its height, and the greatest transverse diameter is shifted 
towards the middle of the volution. Thus a truropet-shnped inflation of the 



Digitized by Google 



80 



HIMALAYAN F0S81LS. 



aportural region is produced, recalling a similar trumpet-shaped opening of 
the aperture in some speoios of Lytocerm (Neumayr). 

The actual peristome has not been preserved, but oannot have been situated 
considerably in front of the aperture in my cast. 

The surface is entirely smooth, without any traces of folds or paulostomation 
oonstrictions. 

Suturet.^ Not known. 

Pam. : PLEURJCJ.NTHI bX Hyatt. 

The oareful researches of Waehner have acquainted us with a very interest- 
ing stock of Ammonites, which seem to mark transitional stages connecting 
Phyllocerat, Lytocerat and Ptttoceroi, thus proving the common origin of all the 
widely different families of liasic Ammonoidea, the roots of whioh must probably 
be looked for in the triassic genus Monophyllitet (Mojmdritet). 

To the groups of transitional forms, combining characters of Phylloctrat, 
Lytocerat and Ptilocerat, a special systematic position should be attributed. By 
uniting one of them (EuphyUitei Waehner) with the Phylloceratidte, a second 
one {Ectocentrittt Waehner) with the Lytoceratidm and a third one, consisting 
of two more genera (Plewaeanlhitet Can. and Analytocerat Uyatt) in the new 
family of Pleuracanthida Uyatt has not taken sufficient care of their natural 
connection. I should prefer to accept the new family of Plenracattthida, which 
has been proposed by Hyatt, as a doscriptive term for all groups of forms by which 
the gaps between Phyllocerat, Lytooerat and Ptilocera* are bridged over in the 
lower liassio age. 

It is very interesting to find representatives of this remarkable family in the 
lower lias of the Himalayas. The presence of tiro genera at least, Pleuraoanthitei 
and Analytocerat, has been ascertained. Tlie presence of Euphyllitet and 
Eetocenlritea is as yet doubtful, although very probable. 

Gen. : Analytocbbas Hyatt. 

1900. AtalfioKnu Hj»lt in K. t. Zittol, T«t-book of Paleontology, Vol. I, Ccpbalopod., p. 568. 

Anaittockras sp. ind. aff. abticclato Sow. PI. X, fig. 4. 

Hyatt has been fully justified in elevating Lytocera* articiilatnm Sow. (A. 
d'Orbigny, Paleont franc. Terrains jurass. I, p. 312, PI. 97. tigs. 10-13) to the 
rank of a proper genus. Although this species approaches a typical Lytocerat in 
its external characters, its sutural line differs so remarkably by the tripartite 
arrangement of its lateral lobes that it oannot bo left in that genus. 

In the Himalayan collection a single specimen has been found, which exhibits 
so close a relationship to Analytocerat articulatum tliat in a better state of 
preservation it might, perhaps, have led to an identification with the European 
fossil. Only the last volution has been preserved, and even this has been seriously 
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injured by weathering. It has the external shape of a typical Lytoceras, with 
whorl* inoreaaing as rapidly as in the specimen illustrated by Waehner on PI. VIII, 
fig. 2, of his monograph of lower liassic Ammonites of the eastern Alps (VII, Toil, 
Boitraege sur Palaeont. u. Qeol. Oestorr. Ungarns, etc., Bd. IX, 1895). Although 
the surface of the whorl is badly corroded, traces of the original ornamentation are 
visible in the umbilical region of the apertural portion of the body -chamber. The 
sculpture consists of numerous, thin, radiating lines which are occasionally inter- 
rupted by stronger folds. These folds are smooth, as in Analytoceras articvlatum, 
never fimbriate, as in the group of Lytocerat fimbrialvm. 
Dimension*.— Not measurable. 

Suturet.— The sutural line agrees very closely with that in full-grown speci- 
mcos of Analytoceras articulattan. The siphonal lobe is very short, bifid and 
divided by a low modian prominence. The most characteristic element is the 
principal lateral lobe, which shows a tripartite arrangement of its branches, two 
lateral branches being disposed symmetrically to a median one. This arrangement 
of the lateral lobes differs widely from what is seen in a typical Lytoceraa, where 
the lobes are divided into two branches by a median secondary saddle rising from 
the base. 

In thi» character Analytoceras very closely approaches PieuracanthUes and 
Ectocentrites, and thus cntors into the sories of forms connecting the two families 
of Lytoceratida and Fsiloceratida). 

The siphonal and principal lateral saddles are diphyllic. Their details have 
been partly destroyed by weathering, but what remains is yet sufficient to show 
that they were arranged on the same plan as the corresponding sutural elements in 
A. articulalum. 

I have not been able to trace the sutural line beyond tho first auxiliary lobe, 
which is united with the second lateral saddle into a suspensive lobe. 

One half of the last volution belongs to the body-chamber. The sutural line 
illustrated in the figure corresponds to the last septum. 

Qen. : Plettbacanthites Canavari. 

Pledhacahth itks sp. ind. afT. bipormis Sow. PI. XV, fig. 3. 

Lytoceras bi/orme 8ow. has been elevated to the rank of the prototype of a 
proper genus by Canavari (Atti. Soc. Toscana s»i. nat. Proc. verb. Ill, 18B3, 
p. 279). The distinctive characters of this new genus, for which the name 
Pleurocanthites was proposed by its author, have been studied, in detail by 
Waehner (Beitraege zur Kenntnis der tieferen Zonen des untercn Lias, etc., VII, 
Toil, Beitr. Palceont. u. Geol. Oesterr. Dng , etc., IX, 1895, p. 27). According to 
his diagnosis this genus is distinguished from Lytoceras, with which it agrees iu 
its general shape and involution, by the presence of a long body-chamber com- 
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prising more than one entiro volution, deep lateral sinuses or crescentic 
tubercles, and indistinctly developed siphonal crest*. 

A species agreeing in all these characters of generic importance with the 
European prototype of Plewraeanthitet is represented iu A. v. KralTt's collection 
by a single specimen, which, although incomplete, is sufficiently well preserved to 
permit a safe determination. 

In its involution the present example agrees best with the Alpine type, 
distinguished by whorls increasing rather rapidly in height and thickness. The 
cross-section of the inner whorls recalls very strongly that in Waeh tier's speci- 
men from Schreiubach illustrated in PL IV, fig. l,of his memoir. It is nearly 
elliptical, with an obtusely rounded siphonal edge, but is considerably thicker than 
high. In the last volution the height increases more rapidly tban the width. At 
the same time the siphonal crest beoomos obsolete and the greatest transverse 
diameter is shifted gradually from the middle of the flanks towards the umbilical 
region. This change in the shape of the body-obamlier is restricted to the vicinity 
of the aperture, and is a feature of specific distinction betwoen our form and 
Pleuracanthite* bifotmit (Sow.) Canavari (Beitr. z. Fauna d. unteren Lias von 
Spczia, Fahcontographica, XXIX, p. 156, Taf. XVII, figs. 8-11), in which the 
shape of the cro»B-section is not fcubjcot to any variation throughout its entire 
length. 

The actual peristome cannot have been situated far from the aperture of 
my specimen, the last traces of septa being visible in the third quarter of the 
penultimate whorl. My specimen was certainly provided with a long body- 
chamber, exceeding the last volution in length considerably. 

The ornamentation is not very strongly marked in my specimen, but this 
character may be duo to its state of preservation, the surface of the oast having 
beon injured by weathering. Sinuses corresponding to paulostomes are, however, 
noticed at several places in the penultimate and last volutions. They agree 
exactly with the corresponding soulptural elements in Pleuracantkite* bi/ortnis. 
In the penultimate whorl they are even combined with broadly elevated, orescent- 
shaped knobs or folds, exactly like those in the inner volutions of Waehner's 
type-specimen from Schreiubach illustrated on PI. Ill, fig. 2. 

In the body-chamber a gradual obliteration of tho sculpture is marked bv the 
absence of concentric fold*. In th« vicinity of the aperture, where the surface 
of the cast has been preserved satisfactorily, two delicate paulostomatiu stripes are 
exhibited, forming deep sinuses with their convexities turned backwards. 

Dimeution*. 

Dfemoter of tb« »bcll 70 mis. 

H * 1 *" "jofth. 



Thicknca J " begiaataf of tit lut volstion . ■ . . ^ 
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Suture*.— Of the suturol line the siphonal and principal lateral lobes and tbe 
siphonal saddle only are known to me. They seem to agree very closely with the 
corresponding elements in PI. biformit. 

The siphonal lobe is short, very narrow and provided with a high median 
prominence. The siphonal saddle is richly ramified and its terminal phylla are 
comparatively small. 

Gen. : ErrnTi.UTSs Waehner. 

ErPHTLttTss up. ind. (?) PI. XV, fig. 5. 

The materials of the genus Euphyllitet in A. v. Krafft's collections are very 
scanty indeed, and I have as much hesitation in placing them in this genus as in 
venturing on their generic determination at all. Nevertheless I think it 
advisable to mention them here as by them the presonce of an Ammonite in the 
liassic crags of Malla Johar is indicated, which in its external characters teoms to 
show a close affinity to tho smooth variety of Euphyllitet Struckmanni Neumayr 
(Zur Kenntnis der Fauna des untersben Lias in den Nordalpen, Abhandl. K. K. 
Gool. Reichsanst. VII, p. 36, Taf. VI, fig. 5). 

My specimen is a cast, of the body-chamber comprising exactly one half 
volution, with fragments of tho penultimate whorl adhering to it. In its involu- 
tion it takes a position intermediate between some triassic specios of Bitcophyllitet 
(2>. ncojnrentit Qucnst.) and Euphyllitet Struckmanni. A reconstruction of its 
outlines make* me suppose that tho width of its umbilicus was 32 mm., cor- 
responding to a diameter of 85 mm. But in the shape of the cross-section there 
is a complete agreement with the ty pe-specimens of E. Struckmanni, as illustrated 
by Waehner (Beitracgn zur Kenntnis dor tiefercn Zonen des nnteren Lias in den 
nordostl. Alpen, Bcitr. Palceont. u. Geol. Oestcrr. Ungarns, etc., XI, p. 170, 
Taf. XXII, figs. 1-8 ; XXIII, fig. 1). Tho lateral parts are porfectly flat, running 
parallel and passing gradually into tho rounded siphonal part, whereas they arc 
separated from the steep umbilical wall by an obtusely rounded edge. The propor- 
tion of height and thickness is 34 : 21 mm. 

The surface of the cast, which has been partly injured by weathering, is 
entirely smooth. 

The present cast has been broken off, unfortunately, in front of the last 
septum. Thus the terminal loaves of the two lateral saddles only have been pre- 
served. They are largo and rounded clliptically as in Psilocerat or in Schittophyl- 
locerott Uermaetente Herb. 

Gen. : Ectocentritbs Waehner. 

Ectockxtritks sp. ind. (aff. altxvobmis Bon.?). 
A body-chamber fragment of large dimensions reminds mc of the equally- 
shed example of Ectocentritet alttformia Bonarelli (Oefalopodi sinemuriani del 

i 2 



84 HIMALAYAN FOS81L3. 

Appeniiino eentrale, Palmont. Ital., 1899, V, p. 73, Tav. IX, figs. 4-0) from the 
lower lias of Monte di Cetona, which has been illustrated by Fucini (Paloeont. Ital, 
VII, 1901, Tav. XIV, fig. 1). Tbe cast is strongly weathered and not worthy of 
illustration. The cross-section is suboval and compressed, a height of 55 mm. 
corresponding to a width of 39 mm. The external part is regularly rounded 
and passes into the flattened lateral parts without any intervention of a distinct 
umbilical shoulder. The umbilical wall is high and steep and unites with the 
flanks in a sharply rounded margin. 

The sculpture consists of numerous ribs, which are disposed rather irregularly. 
The presence of marginal tubercles could Dot he ascertained. The siphonal part 
was undoubtedly smooth. 

A more minute description of the present cast is precluded on account of its 
insufficient state of preservation. But it is nevertheless interesting to establish the 
fact, that the genus Ectocenlritet is probably also represented in tbe Himalayan 



Fam. : AM ALT QEIV.H FUch. 
Gen.: Oxynoticbbas Hyatt. 

Oxynotickkas sp. ind. ex aff. Gkkenoughi Sow. PI. X, fig. 5. 

The fragment of a body-chamber is comparable by its shape and sculpture with 
Oxynoticerat Onibaliamm D'Orbigny (Pile - >nt. francaise. Terrains jurass, I, p. 
259, PI. 73) or with 0. Greenougki Sow. (Wright, Lias Ammonites, Pnlmont. Soc, 
p. 387, PI. XLIV, XLV). It belongs to a moderately compressed and sharply 
carioated ammonite, whose surfaoe was covered with numerous undivided ribs. 
The transverse section agrees best with that of the species from Adneth, identified 
with 0. Greenougki by F. v. Hauer (Cephalopodcn aus dem Lias der nordoestlichen 
Alpen, Deoksohr. Kais. Akad. d. Wis*. XI, 1856, Taf. XII, fig. 1). It is lanceolate 
and compressed less strongly than in O, oxynotum Quenst., from which it differs 
also in its ornamentation. The flunks, which are moderately convex, meet at an 
angle of 60 degrees. The k< el is acute. 

Tbe umbilioal region having been completely destroyed in my fragment, 
nothing can be said about its involution. Notwithstanding its defective condition 
it is sufficient for certifying the presence of the genus Oxynoticerat in the lias&ic 
fauna of the exotic blocks of Malta Johar. A specific determination is impossible 
because the fragment represents a stage of growth in which nearly all species of 
Oxynoticeraa, as distinguished by Hyatt (Genesis of Arictidao, Smithson. Instit., 
1886, p. 211), are still provided with acute keels. 
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Fam. : jSGOCEBATIDjB Neum. 



Gen. : Schlotheimia. Bayle. 

Schlotheimia sp. ind. ex aff. tkapbzoibalis (Sow.) Can. PI. XV, fig. 2. 

This is a typical species of tho genus Schlothcimia, with Blowly increasing 
whorls, a wide umbilicus and with radial Tibs, which on the siphonal part are 
interrupted along a median furrow whore thoy terminate from cither side in 
stout, knob-shaped elevations. Tho ribs are not turned forward in the vicinity of 
the siphonal margin, as in tho majority or species belonging to the group of Schl. 
angulata, but moet one another from either *ido of the external furrow in a 
straight line. This character is known in Schl. Charma**ei d'Orb. of extra- 
Alpine, in Schl. trapezoidalis, Schl. ventricosa Sow. and Schl. potttaurina Waehn. 
of Alpine species. 

Among those species Schlotheitnin Chanaa«»ci shows a less near affinity to the 
present form than tho Alpiuf typos, especially Schl. Irapesoidali* (Sow.) Canavari 
(Unt. Lias von Spc/in, Palajontograpliica, XXIX, p. 165, Taf. XVII, figs. 8, 9). 
Although the only llimalayan specimen available for examination is, un- 
fortunately, fragmentary, it permits a sat is factory reconstruction of its shape and 
sculpture, sufficient for a closer comparison with Schl. tmpezoidali*, which is well 
known to us from the cireful studies of Waehner (Beitraege zur Kenntnis der 
tieferen Zonen des untoreu Lias, ete., Beitr. z. Puheout. Oesterr. Ungarns, etc., IV, 
p. 185, Taf. XXIII, figs. 1-1 ; XXI, fig. C). 

In its general shape and involution my Himalayan specimen differs from Schl. 
trapetoidali* by its more slowly increasing whorls and by its wider umbilicus. In 
these external featuros it reminds us rather of Schl. Donar Waehner (1. c. p. 172, 
Taf. XIX, figs. 1 ; XXI, figs. 1, 2) or of Schl. extranodota Waehner (1. c. p. IBS, Taf. 
XX, figs. 7-11), than of Schl. trapezoid 'alia, but from both species it differs 
essentially in its sculpture The lateral and siphonal parts are nearly flat, impart- 
ing to the cross-suction a rectangular outline, with rounded-off angles. 

The sculpture consists of single ribs. As far as the defective state of preserva- 
tion readers the ornamentation visible, no dichotomoua ribs have been noticed. 
The ribs are of moderate strength, almost perfectly radial, with a very small forward- 
turned genioulation near the siphonal margin. They originate at the umbilical 
margin as delicate fold*, but increase in strength considerably, while crossing 
the lateral parts, till on the siphonal area they swell into stoat, knob-shaped 
elevations, which stand opposite each other on both side* of the external 
furrow. It is this character of ornamentation which imparts to the Himalayan 
species a similarity with Schl. trapetoidali*. 
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Suturet. — Tbe last septum separating tho body-chamber from the preceding 
air-chamber is exposed io rough outlines. Only the si phonal lobe and saddle arc 
known in detail. Siphonal lobe narrow and divided by a high median prominence, 
each wing terminating in a single sharp point, very similar to the corresponding 
sutural element in Schlolheimia Donar, as illustrated on Taf. XIX, fig. id. of 
Waehner's memoir. Principal lateral saddlo unite,! with the following elements 
into a suspensive lobe. 

One-third of the last volution belongs to the body-chamber. 



Scolotbeimia nov. sp ind. PI. XI, figs. 5, 6 ; XV, fig. 4. 

This speoies i* nearly allied to the preceding one, from which it diffeis ebiefly 
by its strongly inflated whorls and by its coarser sculpture. The ribs arc high, 
acute and rarely dichotomizing. As in the preceding species, they are turned for- 
ward very little in the vicinity of the marginal shoulder. 

The cross-section is oval, the lateral parts being gently curved, not flattened. 
The whorls increase slowly and surround a wide, open umbilicus. A more minute 
description of this speoies U precluded, on account of the fragmentary state of the 
casts available for examination. 

Dimentiotu.—'S ot measurable. 

Suture*.— Not known. 



SchijOTHBIMIa sp. ind. aff. mahmorea Opp. PI. XIV, fig. 5. 

A fragment of a chambered cast of a large Scklotheimia shows its affinity to the 
Alpine group of Sc/U. marmorea Oppel (PaUoontologische Mitteil. aus dem Museum 
dos bayr. Staates, 1862, p. 130) by its sutural line, whioh is extremely complicated, 
much more so than io any of tho extra-Alpine representatives of this genus. It 
only needs a comparison of the sutural line of my specimen with the illustration 
given by Waehner on PL XXII, fig. lc, of his " Beitracge sur Kenntnis der 
tieferen Zonen des unteren Lias in den nordoestlichen Alpen" (Bcitr. Palieont 
Ocsterr. TTngarns, etc., IV, 1886;, to see that we have to deal here with a species 
whioh is very nearly allied to Schl. marmorea. That the lobes are less broad in 
proportion to the saddles, cannot be considered as a distinctive feature of im- 
portance, as this character is subject to a remarkable variability in Schl. marmorea. 
As has been stated by Waehner, individuals with low whorls are, as a rule, 
provided with more slender and deeper lobes than types with strongly compressed 
and high volutions. 
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The median prominence is high, broad and strongly serrated. Tho sipbonnl 
lobe is deeper than in Schl. marmorea, taking an intermediate position between the 
median and lateral indentations of the principal lateral lobe. The two wings of 
the siphonal lobe divorge very strongly. From the base of the sipboual saddle 
an accessorial branch is cut off by a very deep indentation. This branoh is con- 
spicuous by being less deeply serrated than the rest of the branches and by the 
rounded off lines of its secondary indentations. It corresponds exactly to the 
massive branoh at the base of the outer margin in the siphonal saddle of Schl. 
marmorea, but it is provided with larger dcnticulations. 

The siphonal saddle is very richly ramified and reclines towards the prin- 
cipal lateral saddle, which is the higher one. In IxjUi sa ldles the branches of the 
outer margin arc considerably larger and developed more richly than those of tho 
inner one. 

The second lateral lobe i» very short and united with the following sutural 
elements into a suspensive lobe. The sutural line, as illustrated in fig. 5, is not 
accessible beyond the second lateral lobe, but on the other side of my cast two 
auxiliary lobes are exposed, although the sutural line has there been strongly 
injured by weathering. 

In its external features this fragment does not differ considerably from equal- 
ised specimens of Schlotheimio marmorea. Hut it must be borne in mind that a 
closer comparison is, unfortunately, excluded by its fragmentary condition. 
Neither the rate of involution nor the cross-section of the whorls are known' to me. 
The lateral parts are flatly curved and covered with numerous ribs of moderate 
strength, which are provided with acute edges. In the marginal region they are 
directed forward more strongly than in Schl. Chnrmattei d'Orb., but a little less 
strongly than in the typical Schl. marmorea. There is no distinct siphonal 
furrow developed in the middle of the external part, but only a smooth sone, 
along which the ribs aro interrupted. They do not correspond exactly along 
both sides of this zone. 

Among the specimens of Schlotheimia marmorea illustrated by Woehner it is 
the middle-sized type Irom the Kammerkaralr*) (1. c. Taf. XXII, fig. 2), which 
ngrees best with our example in the shape of the siphonal part. 

The fragmentary condition of this specimen doi-s not allow of any measure- 
ments of its parts. 

Gen.: jtGOC 772 .^S Waagon. 

^oocbkas sp. ind. (ex aff. bipbr Quenst. ?) PI. XIV, fig. 6. 

I have mentioned this poorly preserved fragment of the aide of an outer whorl 
as the only representative ot the genus ^Egocerat Waag. in the fauna of 
exotic blocks Nos. 16 and 17. It is, however, not sufficient to enable me to come 
to a tolerably certain conclusion about its speoifio position, although it might 
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perhaps be placed near JBg. bifer Qucnstcdt (Cephalopodon, p. 83, Taf. IV, fig. 14, 
Der Jura, p. 108, Taf. XIII, figs. 11-13, Ammoniten des schwosbischen Jura, I, 
Lias, p. 169, Taf. XXII, figs. 7-27). 

The whorl is subquadrangular, with the external part well roundod. Number 
of ribs small, about fifteen in the circumference of an entire volution. Ribs short, 
straight and stout, elevated into obtuse knobs noar the siphonal margin. Knobs 
connected by low bridges, which oross the siphonal area, but not by distinctly de- 
veloped external rhombi. The fragment cannot be attributed therefore to the 
group of jBg. planicotta 8ow. 

The regular character of ribs in our fragment seems to distinguish it from full- 
sized specimens of JEg. bifer as illustrated by Wright (Monograph on the Lias 
Ammonites, Paloeontograph. Soc. London XXXIV, PI. XXVI, figs. 1-4,) in a 
very remarkable way. But these characteristic features of the European species 
are only developed in lator stages of growth. Young examples possess straight, 
radially directed ribs, which are connected by low. forward-curved bridges across 
the siphonal part. 

A specimen reminding us of the present fragment in its external features and 
sculpture lias been described from the lower Has of the Hierlatz as Mg. bifer by 
Goyer ( Uebcr die liasbclu-n Cephalopodon <los Ilierlatz bei Hallstatt, Abhandl. 
K. K. Geol. Reiohsanst. XII, p. 2G0, Taf. Ill, figs. IS, 19). From this and from 
the equal-sized specimen of Mgocerat bifer annnlotus Quenstedt (Ammoniten, 
etc., Taf. XXII, fig. 20) our specimen seems to differ only by its external ridges 
beiug lower and by its ribs being stoutor and broader. 

If we take into consideration that this habit represents a mode of variation, 
which is likely to be developed still more strongly in later stages of growth, the 
independent position of the present form cannot well be doubted. 

Fam.: AMETID& v. Zittel. 

Gen.: Ahibtites Waagen. 

I am in accordance with the views of Waehner, K. v. Zittel, Boes? and Fhlig 
in rejecting the subgenerio divisions of the genus Arietiies, which have been 
proposed by Hyatt (Gonesis of Arietidae, Smithson. Instit., 1S80) and in retaining 
the name Arietites for all groups of liassic forms, which are provided with 
strong radial ribs and keel furrows accompanying a distinctly developed median 
keel. 

This genus is rather richly represented in the Himalayan lias. In the follow- 
ing descriptions four specios have been enumerated, but their actual number is 
probably larger, tho defective state of preservation rot permitting of specific 
determination of several examples. 

All species are olosely allied to types from the l«wor lias of the Eastern Alps, 
wbich are well known to us from the careful researches of Waehner. 
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Aribtitm cf. Coregonrhsis (Sow.) Can. PI. XIV, flg. 2 ; XV, fig. 1. 

IBM. JB/mm Cmvgoxemu Gui«T»ri. B*itr»« b 'o Jur F»un» Jm not. Li». too Sf«i«, P«l«xioto|fimplii™ 

xsix. f . 173, T»r. six, r.KB. iaos. 

1898. ArietUet G,rt$<>*txiU W»*lm*r, Ueiltag* inr K»ont>,;» d« lUTorra Zoneo <Im nut. Liu in An 
nord<Mtl., Alp»n. V, Tbcit. Britfwit* iu PuleMBt. 0-.:»rr. Un^wiu., »to„ VI, |». 811, Taf. XXI, 
fig*. 1-3; XXII. fig«. 1-t. XXIII, fig*. l *i XXIV, figi. 1-6. 

This remarkable species is represented by two fairly complete specimens. The 
smaller example is able to make up for the deficiency of the inner volutions in the 
larger one. Por their comparison with the Alpine form numerous examples from 
the lower lias of Adneth, Broitenberg and Enzesfeld have been available to me, 
amoog them some of Waehuer's type-specimens. 

In the larger specimen the whorls overlap one another but v^ry little. 
The but and penultimate whorls differ considerably in tho shape of their cross- 
sections. At the beginning of the last volution tho transvoise sectbn is broader 
than high and provided with rounded sides. In the last volution the lateral parts 
becomo flattened gradually, and the height increases more rapidly than the width. 
In the penultimate whorl tho greatest transverse diameter is situated in the middle 
of the flanks, whereas in the la«t volution it is shifted gradually towards the 
umbilical margin. At the same time the siphonal area is reduced in width and its 
marginal shoulders are formed by the lateral keels, accompanying the two deep 
external channels, whereas at the beginning of the last whorl tho modian keel and 
tbe accompanying channels occupy only the middle zone of the siphonal nrea. 

In all these characters my specimen agrees exactly with equal-sized 
examples of drietitea Coregonensit. 

Throughout the entire last volution the median keel and tho external furrows 
or channels are well defined. The Utter are bordered on the marginal side by 
distinctly developed ridges, which become acute in the vicinity of the aperture. 

The lateral parts of the last and penultimate whorls — of tho inner volutions 
nothing has been preserved in this specimen (PL XIV, fig. 2) — are covered with 
very numerous, radiating ribs, which arc narrower than the intercostal furrows, 
strongly elevated and sharp. Only in the vicinity of the aperture they are some- 
what flattened. Their direction is radial or slightly turned backward. Before 
reaching the marginal shoulder they describo a flat curve, with its concavity turned 
forward. There are about seventy ribs counted within the circumference of the 
last volution, corresponding to a diameter of 125 mm. The same number is given 
by Wachner for the last volution of an Alpine specimen of equal size (PI. XXII, 
fig. 1, p. 317). 

A satisfactory idea of the shape and sculpture of the inner volutions of tbe 
Himalayan form may bo gathered from my smaller specimen (PI. XV, fig. 1), 
which is probably entirely chambered. 

In its transverse section this specimen recalls very strongly tho variety 
illustrated by Wachner on PI. XXIV, fig. 6. It is comparatively high-mouthed, 
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and provided with a strongly compressed, nearly rectangular cross-section. Both 
the lateral parts and external area are remarkably flattened. Considering its small 
dimension«, tho keel and the lateral channels are developed very strongly. Second- 
ary keels bordering the marginal side9 of the channels are distinctly defined. 

The number of ribs is very large. Not less than 64 ribs are counted within 
the circumference of the last volution, corresponding to a diameter of 07 mm. In 
the penultimate whorl of the specimen illustrated by Waebner on PI. XXII, fig. 1, 
59 ribs hare been counted within a circumference corresponding to the same dia- 
meter. Tho ribs are straight, exactly radial, very Blender, and slightly elevated 
near the marginal shoulder where they become obliterated very rapidly. The exter- 
nal area having been partly injured by weathering in my specimen, I cannot say 
whether or not they do meet the marginal ridges in a forward-bent curve. 

Dimension*. 





PI XIV, fig. 8. 


Pl.XV.Sg. 1. 






. 94 mm. 


„ „ nmliilic«« 


. 77 „ 


. m . 


Thnkoaa j 


5!1 „ 
• tl „ 


158 . 
. 16 .. 


Height \ 1 ^ Winning of tb* but roloiios 


176 ., 
• fl'5 .. 


? 
t 



Sutures. — Not known in detail. 

Remark*.— ilj specimens agree so closely with ArielUei Coregone/ms from the 
zone of Schlotheimia marmorea in the Alpine lower lias, as illustrated by 
Waehner, that I do not hesitate to unite them with that characteristic species as cf. 

As this identification is of special importance for a correlation of the Himal- 
ayan lias with the deeper stage of the lower lias in Europe, I shall pass in review 
such species of Arietitet characteristic of the higher stago of the Alpine lower lias 
as might put in a claim for a oloser comparison. In this respect our examina- 
tion can be restricted to tho group of forms which have been included in the genus 
Vertnicerat by Hyntt, and in the subdivision 0, by A. v. Sutner in his systematic 
table of Arietidce as published by Boese (Zeitschr. Deutsch. Gcol. Ges. XLVI, 
1891, p. 721). In this subdivision the groups of A. tardecretcens v. Haucr and of 
A. Conybeari d'Orb. must ho taken into consideration, but all species belonging to 
these groups and characteristic of the higher stage of the lower lias are provided 
with ribs which are turned forward, even in tho inner volutions This character 
distinguishes our specimens at onca from A. bavaricut Boese (1. c. p. 72s, Taf. 
LVI, figs. 1, 2) or from A. RothpUttsi Boese (L c. p. 730, Taf. LVI, figs. 5, 6), 
which otherwise show a considerable resemblance in the external shape and in the 
number of ribs. 

Arie miss nov. sp. ind. ex aff. CoRKQONENsia Sow. PI. X, fig. 6. 

This fragment of an outer whorl must be separated fro-n ArMUet Core.goneiuu 
on account of its very low and broad cross-section. A height of 20 mm. corre- 
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sponds to a transverse diameter of 28 mm. In its outlines the transverse section 
resembles that of the last volution in large examples of Arietitet Coregonensi*. 
The greatest transverse diameter ooinoides with the umbilical margin, which is 
distinctly defined. From this place the lateral parts converge in flat carves 
towards the external part, which is remarkably narrow and occupied entirely by 
the very strongly developed keels and channels. The median keel and the two 
secondary marginal ridges are of equal height and rounded above, not acute. 

The sculpture agrees with the ornamentation in A. Coregonentit. The ribs 
become obliterated very rapidly in the vioinity of the marginal ridges, where they 
are curved fotward Tery slightly. 

Tbe deficient state of this fragment renders an exaot determination impossible, 
but the character of ribs and the shape of tbe cross-section point to a species closely 
related to A. Coregonentit. The great thickness of the whorls and the strong 
development of keels and channels might perhaps suggest a comparison with the 
group of A. Bucklandi 8ow., but an affinity with that group is excluded by the 
different shape of the cross-section and by the absence of marginal swelling of 
the ribs. 



Abietitf.8 himalayamjs nov. sp. PI. XIV, flg. -l. 

Tliis fragment of the outer whorl and of a small part of the preceding volution 
belongs to a species m hich, in the general shape of its disc, is related to Arietitet 
Soetei Ublig, whereas in its sculpture it exhibits a close affinity to A. Conybeari 
8ow. and to A. Cordieri Can. 

As has been stated by Wachncr in his excellent description of Arietitet 
Cordieri (Peitraege zur Kenntnis der tieferen Zonen des unteren Lias in den 
nordcestl. Alpen VI, Theil, Beitr. s. Paltront. Oesterr. Ung. etc, VIII, p. 250, Tnf. 
XVII, figs. 1-4 ; XVIII, figs. 1-6), our knowledge of tbe British Bpeoies A. Conybeari 
is restricted to Wright's description and illustration of a single specimen of very 
large size (Monograph of the Lias Ammonites I Pt. Palseontogr. Soc., London, 
XXXII, 1878, PI. II, figs. 1-3), rendering a comparison with moderately sixed 
types very difficult. Nevertheless it is obvious from Wright's illustration that our 
Himalayan specimen agrees with A. Conybeari, exactly in such features as are 
characters of distinction between the British speotes and its Alpine representative 
A. Cordieri. The ribs, which originate in the umbilical suture, run 
across the umbilical wall and the lower portion of the flanks obliquely backward, 
and turn gradually into a radial direction in the marginal region of the lateial 
parts. Here they swell into knob-shaped elevations, which are not, however, 
actual tubercles, and terminate abruptly in front of tbe marginal ridges. The 
extremities only of these stout ribs arc turned forward slightly in uniting with 
the marginal ridge. 

A specimen of Arietitet longidomiit Quenstedt (Ammoniten des sohwaebiscben 
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Jura It Lias, Tat. VI, fig. 1) in the collections of our University's Paljeontologieal 
Museum shows exaotly tho same type of sculpture as my Himalayan example. In 
both of them the ribs terminate stiffly opposite the marginal ridges, and their 
extremities are not protruded along thn latter for any considerable dislanoc. 

The external soulpture is very strongly markod. The marginal ridges are 
well defined, the channels deeply . excavated. The mediau keel is high and ele- 
vated considerably above the marginal ridges. 

My specimen differs both from Arietitea Conybeari and A. Cordieri in the 
shape of its transverse section, which is slondcr and strongly compressed. In the 
last volution a width of 19 mm. corresponds to a height of 22 mm. But a charac- 
ter still more rennrkoblo is th<> compressed Bhape of the penultimate volution, in 
which the corresponding measurements are 9 and 12 mm. In order to find similar 
proportions, wo are obliged to look to the group of Arietite* romanictu Dhlig. 
In this group it is especially A. Boesei Uhlig (Ueber eine unlerliasische Fauna 
aus der Bukowina, Abhandl. d. med. naturw. Vereins Lotos, II. p. 29, Taf. I, fig. 
6) which resembles our species in the shape of the high and oval cross-section. 
But any clos-r aflinity with the group of A. romanku$ is exoludod by the 
difference in their sculpture. In A. Boetei the ribs are directed forward from 
their very origin at the umbilical suture, whereas they are turned backward 
strongly in the umbilical region of my Ilim&layan form. 

TakiDg into consideration the remarkable cross-section of the presont species, 
which is combined with a soulpture characteristic of the group of A. Conybeari, its 
indopendont position cannot well be doubted. On the strength of this fact I have 
ventured to introduce a new specific name for a fragment, which otherwise should 
not hare been chosen for a type-specimen. 

8evoral fragments of inner volutions are rofcrable with somo probability to 

this new species. 

Dimension*. — Not measurable. 
Sutures — Not known. 



Abietitks nov. sp. ind. ex aff. eotipobmis Sow. PI. XIV, fig. 3. 

A small fragment of an outer whorl, consisting of four air-chambers, shows a 
great resemblance in its sh*pe and sculpture to the group of Arietitet roti/ormi$ 
Sow., which, according to Waebner, is represented very richly in the lower lias of 
tho north-eastern Alps. 

As there is only a single, small fragment available for examination, nothing 
definite can be said about the involution of the complete shell. But, to judge by 
the proportions of the cross-section and by the ourvature of the outlines, it seems 
to have been n type with very low, slowly increasing volutions and with a wide 
umbilicus, comparable, perhaps, to Waehner's type-specimen of A. rotifermit tar. 
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rotator Reyncs, illustrated in PI. II, fig. 1, of his beautiful monograph of tho 
Alpine Ammonites of tho deeper zones of the lower lias (Part VII, Beitr. zur 
Palroont. u. Geol. Ocsterr. TTngaros, etc., IX, 1896). 

The transverse section is of trapezoidal shape, with flattened lateral and 
extorral parts. The greatest transverse diameter corresponds to the si phonal 
margin. Tho whorl is thicker than high, if the measurement is taken along the 
stout marginal tul crch'*. Tn my specimen a height of 19 mm. corresponds to a 
width of 21 mm. taking the distance between two opposite marginal tuberoles as 
transverse diameter. 

Keels and ohannclsare well defined. The median keel surpasses the marginal 
ridges in height. 

Six stout transverse ribs are counted in my fragment Their direction is 
radial, with tho exception of tho umbilical wall where they are slightly turned 
backward. They are elevated into strong tuberoles along the external margin. 
A second elevation on a considerably smaller scale is noticed in the lower third of 
the lateral parts. The marginal elevations protrude more Btrongly than in 
any of the equal-sized specimens of A. roti/ormia, as illustrated by Wachner. 
Thoy are even more stout and massive than in tho example illustrated by F. v. 
Hnuer (Cophalopoden aus dem Lias der nordcestlichen Alpen, Denkschr. Kais. 
Akad. d. Wiss. XI, l>-56, Taf. I, fig. 1). The stout tubercles terminate abruptly 
in front of the marginal ridges. 

Suture*. — The sutural line has been excellently preserved. It differs from 
the sutural line of the typical Arletitet rottformit by its short Biphonal lobe, by 
the dimoroidic character of the siphonal saddle nnd by the general height of tho 
saddles. 

In all the typical shapes of A. rotiformia the siphonal lobe extends beyond 
the principal latera' by about one- third, whereas in my specimen the two lobes 
are of equal de^th. In this character as well as in tho diraeroidio division of 
the siphonal saddle my Uitnahyan form appears to be nearly allied to A. Deffneri 
Oppel (Palmont. Mittheil. aus dem Museum d. bayr. 8taate», I, p. 131, Taf. X, 
fig. 1). Their sutural line? agree, indeed, very closely and differ only in some 
subordinate details, ospec ally in the more equal dimensions of tho two secondary 
saddles, into w'uioh the siphonal saddle of the Himalayan species is divided by tho 
secondary median lobe. 

Taking into consideration the close agreement of the sutural lines, I should 
not hesitate in referring our Himalayan form to A. Beffneri aa c/., bad not the 
differences in the sculpture and shape of the cross-seotion peremptorily required 
its isolation. A Deff'ueri is » high- mouthed species with a rectangular cross-section 
and more numerous ribs, and is therefore in this respect allied to our species less 
closely than A. rotiformia. 

The Himalayan speeios described here seems to represent a very interesting 
type of Arietiles, combining the external characters of A. rottformia with the sutural 
line of A. Deffneri. 
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CONCLUSIONS. 

The fauna of oxotic blocks 16 and 17 consists of the following forms— all 
of them Cephalopoda :— 

Dibrtwchiata. 
1. Atractitt* tp. ind. 

i. Pkylhcera* Montgomcryi nov. tp. 

3. Sclattri nor. tp. 

4. „ nov. tp. aff. Selateri. 
0. „ Ilorttfieldii nov. tp. 

6. „ Caldmcllii nor. tp. 

7. „ tp. ind. aff. Lieneri Rownbg. 

8. „ (Sckittopktlloteriu) mongolienm nov. tp, 

9. Rkacopkytlitet cf. $ig»t IVini. 

10. „ tckofarifortnit nov. tp. 

11. EnphjlliUt tp. ind. (/) 

12. Jnalftocerat tp. ind. aff. arlitnUlo Sow. 

13. Eetocenl rites tp. ind. (off. alti/ormit Bon- ?) 
1*. Plenracanlkitet tp. ind. aff. biformit Sow. 

15. Oxynotieera* tp. ind. aff. Gfetnoughi Sow. 

16. Scklotkeimia tp. ind. ex aff. traptioidalh Can. 

17. „ tp. ind. 

18. ., >p. ind. aff. marmorta Op|>. 

19. Aeytterat tp. in<l. [et aff. lifer Qucnsl. ?) 

20. ArutUet cf. Coreyonentit (Sow.) Cim. 

21. „ nov. »/'. '* *ff- Cortgonentit Sow. 

22. „ kiaalayanut not. tp. 

48. „ nov. *p. ind. ex aff. rotiformit Sow. 

Among the ammonites the genus Phylloceraa predominates both in the number 
of species and individuals. It is interesting to compare the distribution of genera 
among the number of fossils which hare been actually oollectod by A. v. Erafft. 
His collections from exotic blocks 16 and 17 contain altogether 87 speeimeus 
of ammonites which permit of a generic determination. Among thrm 
Phylloceraa is represented by 51, Rhacophyllilea by 2, Arie/ites by 20, 
Schlotheimia by 8, and the rest of the genera each by one single individual only. 
This enormous predominance of Phylloceraa imparts to our Himalayan fauDa a 
decidedly Alpine aspect, and distinguishes it at a single glance from all lias.-ic 
fauna) of middle-European habit. 

The Alpine type of this liassie fauna shows itself immediately and indubit- 
ably, not only in the preponderance of Phyllocera*, but also in the close affinities 
of tho majority of Himalayan species with Alpine forms. Thero is not one single 
species in this fauna which bears a distinct local character. Of the striking 



Digitized by Google 



UPPER-TRIASSIC AND LIA881C FAUNAE. 



peculiarities which distinguish the triasMC cephalopod faunae of the main region 
of the Himalayas from the bomotaxial faunse of tho Mediterranean region, 
nothing is seen in tho present fauna. No paleontologist would be astonished 
if it had been found in Sicily or in Greece instead of on the Tibetan frontier. 

Among species indicating very close specific relationships with European 
forms the following may be mentioned :— 

Pijltoctra* Uont}OBMr.ii—Pk. ptrtavtnt'- Herb. 
PAyltorerat Sclatrri — PA. Lipottti Hau. 
PhjHi/eera* Mrmgolicnm — Ph. Vermattutt Herb. 
Rkatophjllitei ef. gigm Fuoini. 
A%al$tQttrat tp. ind. off. ariiculato Sow. 
PUuraca»tkiUt tp. «"»</. aff. liformit Sow. 
SchtvtAeimiit *p. off. narmnrta Opp. 
Arictiiet rf. Cottgoneutit (Sow.) Can, 

Ar„tiU. Ai»*U,*n*.-{ A : ™J. 

' {.A. Lonpbean Sow. 

. • .-, ~ . .... (A. rod/ormit Sow. 

Anttiiet nor. tp. aff. roli/oimtf— < , L ■ „ 

r • \A. Ueffnen . Opp. 

This list would probably have been still larger, if the Thylloeeralida of 
the dcepor zones of the Alpine lower lias had been submitted to an examination 
as detailed and careful as the representatives of other families of Ammonoidea. 
But, unfortunately, a large number of Alpine types of Phylloceraa of lower liassic 
age are as yet but very imperfectly known. 

Particularly striking is the fact that the genera Analytocerat, Pleuracanthitea 
and probably even Euphyllitea and Ectoeentrites, which are remarkable as connect- 
ing links between the families of Lytoceratidce, Phylloceratida and Pailoceratidts, 
arc also represented in this fauna, although they are of very rare occurrence. 

That the fauna of exotic blocks 16 and 17 bears the stamp of lower liassic 
age, as has been noticed by A. v. Krafft, is shown by the association of genera as 
well as by the affinities of its species to Europcm ones. But the faunal guides 
are yet sufficient for a more exact determination of the age. 

The spec if! o similarities of the majority of species point to a correlation with 
the lower stage of the lower lias. I need only emphasize the presence of Arietitea 
ef Coregonenaia Sow., of a second spcoioa of Arietitea, combining characters of 
A. rotiformit and A. Deffneri, of a species of Phylloxeras belonging to tho group 
of Ph. (Schiatophylloceraa) Uermceaenae Horb., of ths genera Anolytoeeraa and 
Pleuracanthitea, and the rich occurrence of Schlotheimia, which is represented by 
at least three species, ono of them nearly allied to Sehl. marnwrea Opp. 

The relationship to the fauna; of the deeper zones of the lower lias is, as 
can bo easily seen, most clearly marked. On the other liand we cannot exoludo 
peremptorily the possibility of the presence of faunistic elements, which might 
helong to the higher stage of the lower lias. As such elements, indicating perhaps 
a relationship with the fauna of the upp?r division of the lower lias, Oxynoticerat 
sp. ind. ex. off Greenoughi Sow. and Arietitea himalayanua might lie taken into 
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consideration. Tbe latter, although recalling A. Conybeari in its sculpture, 
approaches in its genoral shape very closely to At: Boetei Uhl., which belongs to a 
group of this genus characteristic of the higher stage of the loworjlias. 

No great importance should ho attributed to tho representatives of the genus 
Phyllocerat, whioh do not keop narrow stratigraphical horizons as strictly as 
might be wished for a more exact correlation. It is, however, noteworthy, tbat 
the group of PhyUocera* Parfwhi Stur, wbioli in the higher stage of the Alpine 
lias is invariably the most conspicuous for its frequency, is not represented in the 
Himalayan lias. 

The limited occurrence and small thickness of the liaasio strata in the region 
of exotic blocks in Malta Johar is no argument against the possibility of 6ndiog 
both the deeper and higher stages of tho lower lias represented within them. I 
need only refer tho reader to tbe liassic deposits of Transsylvania, as described by 
Herhich, which, although being only 3 m. in thickness and very little extended, 
have yielded numerous ammonites of the deeper and higher stages of , tho lower 

If we summarize the above observations, we come to the conclusion that 
tbe fauna of oxotio blocks 16 and 17 is to be regarded as homotaxial with the 
lower stage of the lower lias, whereas the presence of equivalents of the higher 
stage baB as yet not been ascertained. 



V. FOSSILS FROM EXOTIC BLOCKS NOS. 6 AND 7 (MALL A KIOGARH). 

Among four small exotic blocks oocurring within tho upper llysoh of Mai la 
Jobar near Mai la Kiogarh encamping-ground,— marked E.H. 4, 5, 6, 7, on the 
map accompanying A. v. KralTt's memoir — blocks 6 and 7 y telle i a small number 
of ill-preserved specimens of Phyllocerat, JSgocernt, Arietite* and Belemnitea. 
None of them is sufficiently complete to permit a specific determination. 

Pfl ylloceras sp. ind. of. Sclateri Dien. PI. XVI, fig. 4. 

This chamberod fragment belongs to all appearance to a species very closely 
allied to or identical with ThyUoceras Sclateri, with which it agrees in its shape and 
involution. In consequence of the injuries which tho surface of the cast has 
suffered from weathering, the sutures appear somewhat deformed. 

Several fragments are also referable with some probability to^this species, but 
their bad state of preservation does not permit of a nafc identilication. 

Phylj.oceras sp. ind. aff. Montgomehyi Dien. 

An imperfectly preserved cast, measuring 58 mm. in diameter, possessing 
already tho commencement of the body-chamber, is comparable by its shape to 
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Pkylloctrat Montgomery* Dien. The sutures art; but imperfectly known to me. 
The specimen is not suitable for illustration. 



-A2GOCBRA8 sp. ind. Fl. XVI, fig. 6. 

This is a form (unfortunately only a small fragment of a chambered whorl) 
is comparable to Aigocerat btfer Quenst. in reference to its general shape. 
But the marginal swellings of the stout, transverse ribs are but faintly developed, 
and no external bridges connecting them have been noticed. The sutural line, 
which has been partly preserved, agrees in general with that of A. bifer, as illus- 
trated by Quenstcdt in PI. 22, fie. 11 of his " Ammoniten des echweobischen Jura " 
I, Th. (Lias). The arrangement of the sutural line is asymmetrical, the si phonal 
lobe with its short median prominence being shifted to the right of the median 
plane of the shell. 

Akietiiks sp. ind. ex aff. A. Geunowi v. Hauer. PI. XVI, fig. 3. 

The present specimen, which seems to possess the body-chamber, oonsUts of a 
fairly well-preserved outer volution. The inner whorls liave been completely 
destroyed. It shows a close resemblance, to Arietitet Orunowi v. Hauer (Cepha- 
lopodeo aus dem Lias der nordcastlichen Alpen, Denkschr. Kais. Akad d. Wis- 
senBoh, XI, p. 27, Taf. VIII, figs. 4-6), being distinguished by a very broad trans- 
versely elliptical cross-section, and by a low keel, accompanied by shallow and ill- 
defined channels. The lateral parts are strongly carved and covered with numerous 
and stout transverse ribs, which are bent forward distinctly in the marginal region 
and in the external part. Their direction is not exactly radial but slightly turned 
backward, especially so in the umbilical region. Secondary ridges accompanying 
the siphooal channels are entirely absent. 

The specimen is provided with a very broad umbilicus. 



DUimtK ot the •ball 76 am. 

„ „ „ ambition* ** „ 

H'W" {oIUwlMt Tolutioo " " 

Tbicbsew > " " 

Suture:— Not known. 

Remark*.— The new description and illustrations of F. v. Hauer's species, 
which have been given by Waehner (Beitraoge sur Kenntnis den tieferen Zonen 
des unteren Lias, etc., Beitr. sur Palasont. Oesterr. Ungarns, etc, VI, p. 320, Taf. 
XXV, figs. 2, 3), enable me to draw a closer comparison between Arietitet Orunowi 
and the present specimen. The latter is distinguished from A. Orunowi, to wbioh 
it is certainly closely related, by comparatively lower whorls, by a wider umbilicus 
and by the more distinct concavity in the direction of the transverse ribs along the 
siphooal margin. The strength and direction of the ribs on the lateral parts is the 
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same in both species, but on the external part the ribs lun much further towarda 
the anterior margin than is the case in A. Grunowi. 



Several fragments of Jielemnites are only sufficient to determine the genus. 

The rostra are very slender, of an elongated conical shape, recalling the 
lioBsio Belemnitet acnariua Schlotfa. In one of the rostra a deep apical furrow has 
been noticed. 

Ventral or dorso-lnteral furrows are not known in any of my specimens. 



There can be no doubt that the small fauna of exotic blocks Nos. 6 and 7 
is of lower liassic age. It is probably liomotaxial with the fauna of blocks 16 
and 17, although this homotaxis cannot be proved by the presonce of identical 
speoies, on account of the fragmentary condition of my materials. 

SUMMARY. 

The disoorery of the exotic blocks in alalia Johar by the Himalayan expedi- 
tion in 1892, in wbioh C. L. Griesbacb, C. S. Jliddlemiss and myself took part, has 
acquainted us with a region, in which permian and triassic strata show a develop- 
ment differing from that of the corresponding beds observed in the normal sections 
of the Himalayas. A. v. Erafft's exploration of the Kiogarh range has not only 
corroborated the facts stated by the Diener expedition, but has filled up two 
important gaps in the series of the exotio region by the discovery of blocks of lower 
triassic and liassic age. 

His careful examination of the entire territory of Malla Johar enabled A. v. 
Krafft to draw a oloser comparison between the Tibetan series of beds as exposed 
in the exotic blooks and the normal Himalayan series. This comparison leads to 
the conclusion that each single subdivision of the Tibetan series known so far 
from the permian up to the lias differs from the corresponding Himalayan division- 

In the mesozoio rooks the lithological difference is most strongly marked in 
the triassic horizons from the beds with Fiemingitet Rohilla to the top of the carnic 
it age and in the lias. 

In the main region of the Central Himalayas the triassic beds underlying the 
great mass of the Dachsteinkalk arc represented by grey or black limestones and 
shales, whereas in the Tibetan series they consist of red limestones exhibiting a 
striking resemblance trt the Hallstatt limestones of the Eastern Alps. A. v. 



Krafft Is fully justified in correlating the triassic facies of the Tibetan series, 
only exceptiug the noric (juvavic) stage, with the Hallstatt facies. The 
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lithological resemblance of block No. 2 with the carnio Halitatt limostono of 
the Roethel*tein near Auasee is, indeed, so irreat, that it is no easy matter to diatin- 
guish fossils from these two localities without a closer inspection. 

In the noric (juvavio) and rhretic stages the difforenco lietween the Tibetan 
and Himalayan series becomes less remarkable. Daring these stages great masses 
of grey, dolomitic limestones, very poor in fossils, have be*n deposited in both 
areas. "Nevertheless there is no complete lithological identity between the two, 
the Tibetan grey limestone being massive throughout, while the Himalayan 
Daohsteinkalk is well bedded." 

The sharpest contrast between the two series shows itself in the liassio periods. 
In the main, region of the Himalayas (Spiti) the rhsetic, liassic and oolitio beds 
are of uniform litholosrioal character, consisting of dolomitic, thin-bedded, blaok 
or grey limestones. The red liassio limestones of blocks 6, 7, 16, 17 are develop* 
ed in the fades of Adneth, and agree lithologioally most closely with rooks com- 
posing the lias<io crags of the Eastern Carpathian* in Transsylvania and at 
Valesaoca (Bukowinn). 

The faunee of the exotic blocks of lower triassio and of Moaohelkalk age have 
rery smsll amnitioi to Alpine faunee, but are oonneoted very intimately with those 
of the corresponding division* in the main region of the Himalayas, although the 
lithological differences are important. But the oarnio fauna of the Tibetan series 
exhibits remnrknhle peculiarities pointing in nnother direotiou. 

A" has been remarked by B. v. Mojsi<ovic9, the preponderance of Ammonea 
trachyostraca (Cerntitoidea and Tropitoidea) with the simultaneous diminution 
of leiottraca (especially Arcettoidea) is one of the most striking peculiarities of 
the upper-triassio cepbalopod fauna? of the Indian province. This proportion of 
the two divisions of triassic Ammonoidea is reversed in tho carnic fauna of 
exotic block No. 2. In the Tibetan series the genera Arcettes and Oladitcitet, 
which are of comparatively rare occurrence in the Himalayan series, appear 
suddenly in large numbers, imparting to this exotic fauna its special type. With 
this preponderance of Areestoidea, especially of Claditcitidce, is united another 
feature of distinction from the Himalayan series, and this is the very large percent* 
age of species allied to European forms. Referring the reader to the results of 
my examination of the fauna of exotic blocks 2 and 5, I noed not explain 
farther that those faunas bear a peculiar character which distinguishes tbcui from 
the homotasial fauna of the main region of thi» Himalayas, but points to a very 
close affinity with the faunae of the ionej of Trachycerat Aonoides and Tropitet 
subbullatut in the Eastern Alps. 

The agreement of the fauna of blocks 16 and 17 with that of the deeper 
stage of the Alpine lower lias is perhaps still more striking. If no other mesozoic 
faunae in the Himalayas were known, our knowledge of this lisssio fauna would not 
justify the establishment of an Indian zoogeographical province. The contrast be- 
tween the Mediterranean and Indian triassio faunre in tho Himalayan region is nearly 
obliterated in the Tibetan region of exotic blocks during the liassio period. Tho 
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difference between the liassic faun 88 of Wurtomberg or England and the Alps is, 
LndfoJ, more conspicuous than that between the Mediterranean and Tibetan faunee 
of the lower lias. Tho affinities of the latter are extraordinarily close, not a single 
species in the fauna of blooks 16 and 17 bearing a distinct local oharacter. 

There can hardly be a doubt that to the north of the main region of the 
Himalayas there extended from the Eastern basin of the Tethys to the Mediterra- 
nean area a zone, in which sediments of a nearly uniform lilhological character 
were deposited during carnic and liassic times, and where tho area was inhabited by a 
fauna with insignificant local peculiarities and barely influenced by the independent 
development whioh is noticed in the mesozoic fauna) of the Indian triassic 
province. 

A. v. Krafft and Suess agree in assuming that the Tibetan facias could not be 
in titu below the region of exotic blocks in Mails Johar, but must have been carried 
there from a territory lying much further to the nortli. This hypothesis is able to 
explain the rapid change of facies between the Tibetan and Himalayan series, but 
it does not explain the striking lithological and faunistio agreement which exists 
between the carnio and liassic sediments of the Tibetan series, on the one hand, and 
of the homotaxial beds in the Mediterranean region, on the other. It is the estab- 
lishment of this agreement which I consider to bo the most important result of my 
examination of A. v. Krafft's Himalayan collections. 




PLATE I. 



Vig. U, t, r, il FaociTDOiuirrit.vs tuadicm v. Moj«. 

» } „ BUDDHA ICUS Dien. 

„ 4a, 4 Mojstabociras §p. ind. fx. aff. Tcnxiti Hyatt and Smith. 

„ b», t, t Naticopsis *p. ind. «x. aft", obvaiut* Koktn. 
„ 6a, i Loxosema (Pouoiusa) cf. sua ami Hoeruew. 

„ 7 PlOClYDOXACTILl'i MDDHAICH8 Di«n. 



AH apciiner.B front the exotic block No. 8. 
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PLATE IV. 



3«,< H«0CIADI8CIT1B SPBAKATBS Y. Moj*. 

t*i, 4, <• „ MBCARiXATi-s Gimm<?ll»n>. 

5(1, k Clawkiies «f. ooBai.s Uemm. 



^ r , cf. UJ81U.C1 T. Mojs. 

» „ eiA9swT*lAtu» v. Moj». Sutures. 

All »peeimen» from the exotic block No. 2. 
9a, A CutDtacim ciiassistiiaTCA v. Mojs, Tv| r f|'iAinieo fioiit the t arniV ]! afl- 

•Utt luucrtene (Elliptku* t.*U) oil be R«thtl>Viu ' k SalzkaiKm«tffrt}. 
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Exotic blocks of Malla Johar. 



PL IV. 




Ptol il. DfiKk ». Max |.»t. Wi.ti. 
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PLATE V. 



Kij». la, i Jotites cf. •ntCTABtl.ls Dimi. 

,. %i, h „ dacipOkuis Dicn. 

., 3 Ji-VAVtTM PooB*xrs Dieu. 

„ la, * „ up. ind. cf. cotters 

^ Gosioxotitbs of. rTAticoa Gem 



All ^.ecimenn from (he exotic Hoik No. 2. 



6a, 4 
7 



ha, b Cladjscitss cRASSEKTBiATrs t. Mojsisnvics from the Sulihullatn* Ms of the Vn<- 
«kw.ndlin g (S»lzk a mm«gut)-Collc«ti«)ii of the Vienna Unirenty'i Paa-Iou- 
tologiml Mweum. 
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PLATE VI. 



2fl, b, c S Jl'VATlTU (QBIMBiCUlT»>; cf. K.lST.M*! V. M..j*. 

Sa, A J 

I DlSOOTBOFITU of. SlXbLl.NGH»IS V. IUlltT. 

5«, i, r TtBRTiTKs BHimxsis Dien. 



AxATKorirKe Pilobiiiii Dun. 



X* } j 

Ha, A Mamuutim iB«E0«rr.AHir«r7»Trx Hicn. 

fl Tkofites of. SUH1W1 LMM" V. HalH'r. 

lOd, h, c Anathopiths ct. mxfuvt v. M*j*. 
11a, 4 Teopites bp. iud. aff. vfouAM v. Moju. 



All >Meim«iu from tb* exotic Muck No. 2. 
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PUTE V![. 
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| Jl VAVITK* (GlllKSBlCHlTBS) PsKtfUOMKDLITANCS Dion. 

„ K«4rm Dicu. 

sp. iiid. ex. aff. si bistkrfu rro v. Mp;«. 
AHATOIHTIM sp. ind. »ff. camilu v. Moj*. 
Juvavitem »p. in<l. ex at »cni)m.iiBrno v. Mo>. 

„ (Grikj>iivchitks) nuv. Bp. ind. 
Jotitm mciFORMU Dien 
AnATOMiric* *p. ind. aff. Hkxiiiol v. M.>j*. 



All «i«cimen« from (he eioli« bWk Xo. i. 
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PLAIT VIII. 



V'ig. 1 Daoxh.m vxvicx Bi'.tn. 

H.iLOBli, sp. ind. 



This rprciineii from the ex .tic bWk Xo. 1. 



2u, 4, r D^Cf'tnVLL'.TIS FlJOWUl? Dion 

« Abc»ti:b sp. ir.d. off. dkcifuxc ». M.ijs, 

■I,,, 6 PuoAscims sp. iwl. (Giorr <>f Ext»-.:.*w.«iiJ. 

p 5(j, i „ (?) sp. itiii. cx off. n.iiKAMiri Lanlie. 



These live nxi-iiiuma from tlic i-xotic bUk Xo. J. 
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Exotic blocks of Malla Johar. 
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PLATE XI. 

Fig. la, i, e RtUOOPHYLUn* ef. G[Q*S Fuciui. 

„ id, i, e PuTlLOOMUil (Sc*ISTO*IIYU.OCt»\») MONOOLItOH Dmo. 

j Phtllookbis Montgomery! Dien. 

Siphonal lobo and «Jdle of th» Urge »r*cimeo illustrated on PI XIII, 
fig. 1. 

6a b JSCHLOTHMUIA «p. ind 



» * 



All ipsdmcn, from tbe exotic block* 16 md 1 7, 
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Gcol. Surv. of India. 
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PLATE XII. 





PHYLLOCIHAS (8cHISTOrUTLLOClRa«) MOXOOLICVM Dien. 




Phyllocera» Sct»Tmi Di«n 


„ 3«,« 


Phylloomas Hokobpisldii Dien. 


„ U, 4, e 


Kimcofhtixitb* sCHOrinifojmu Di*n- 


.. 5 


Puyixocmus sp ind. ex all. Dizstftl Rownbg. 




All ipcciroen* from tht notic block. 16 and 17. 
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Exotic blocks of Malta Johar. 
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PLATE XIII. 



Fig. la, i, c, 4 PHltlociRii Moktookimi Dien. 

„ in, 6 Phillockru sp. ind. *ff. ?ctiTt»I Dien. 

„ 3 Phtllociha* ScuTKni Dien. 

„ 4«, b Pmitocxan Caiswsilii Dien. 



All fprcimei. from the block. 1« «nd 17. 



Digitized by Google 



Exotic blocks of Malla Johar. 



Surv. of India. 



PI. XIII. 





Digitized by Google 



PLATE XIV. 



Fig. la, i Atractitbs sp. ind. 

„ it, i A«ltTlTI» cf. COBEOONBXSW (Sow.) C»n. 

„ tU, i Arutitw uov up. ex. aff. Romo«iit* Sow. 

„ +«, 4 ABitrms buulayamis Dieo. 

„ * SCHt/JTHBIlUA Sp. ind. iff. UAIOfOKKA Opp. 

„ tie, A -Euocebas *p. ind. (ex. aff. buer Qucn*(). 



All .pecim«. from the exvtia block, lfl aod IT. 
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PLATE XV. 



Vig. \a, i, e AsieTlTEs cf. Coskqonensi* (Sow.) Can. 

„ la, i ScmoTHKiMU *p. iml. ex »ff. TufrsHMin (Sow.) Can. 

„ :u, >j PtEcii*CA»TBiTM up. iud. a«. Buinmj Sun. 

„ t ScHLOTIIF.IMlA fp. ltlll. 

„ 5«, * EwiHTtUTis sp. ind. (>)• 



Ail fpecimerj* from tin- ciutic blocki 16 and 17. 
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Exotic blocks of Mai hi Johar. 
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I'hui u. I truck t. Mxs J»H« Wi*n. 
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PLATE XVI. 



Vig. \a, I, e CaUXiTS* sp. iud. 

,, ia, f>, e PitOABCMTES «j>. iod. ex. «ff. Aussraho t. Hnuor. 

These two gpecimens ffom the exotic block No. 5. 
„ 3.1. i AuirriTM up. iod. ex aff. Grusowi t. H»u>>r. 

„ 4,1, 4 Phvllockras »p. iud. (cf. Scuatiui Dicn). 

„ 5n, b JSgockiias ep. ind. 



These three specimens from exotic Muok No. 7. 
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Exotic blacks of Malla Johar. 
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Volume I, Part % 



ANTHRACOLITHIC FOSSILS OF KASHMIR AND SP1TI. 




Ia tbe introduction to my monograph on the fauna of the permian Productus 
shales of Johar and Painkhanda it was proposed to devote a proper part of this 
volume to the description of the fossil contents of the Ruling shales of Spiti and of 
the Zcwan or Barus beds of Kashmir, which have been considered to be of carbonifer- 
ous age by previous authors. 

Even then it seemed to me highly probable that representatives of both the 
carboniferous and permian systems were mixed together among the fossils con- 
tained in the Geological Survey's Himalayan collections from the upper palteoioic 
rocks of Kashmir and Spiti. This probability has been greatly strengthened by a 
eloser examination of the fossil material entrusted to me for description. In 
my opinion the Ruling shales of Spiti, or more exactly, their lower portion 
underlying the triassic Otoceraa stsge, correspond stratigraphically to the Productus 
shales of Johar and Painkhanda, as has already been suggested by Griesbach, and 
must consequently be correlated with the permian system. In Kashmir this system 
seems to be likewise represented by black micaceous shales, observed by Lydekker 
on a ridge N.B. of Prongam Tral, whereas the largo hulk of fossils from the Zewan 
or Barus beds are of upper carboniferous age, occupying, as it seems, the very 
highest stratigraphical position within the carboniferous system. 

In spite of this it is impossible to fix the exact stratigraphioal zone of 
every fossil in the Geological Survey's collections from the upper palaeozoic rocks 
of Kashmir and Spiti. Notwithstanding tbe rather limited number of species, 
regarding which their geological age cannot be settled definitively at present, I 
deemed it preferable to let this uncertainty fiud an expression in the title of the pre- 
sent monograph. I have used the term " Anthr neolithic '' under which I understand 
both the carboniferous and permian fossils. This term, which 1 And very convenient, 
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considering vho intimate etratigraphical and faunistic connection of the carboniferous, 
and pennian systems of the Himalayas, was originally introduced by Waagen in 
the "Geological Results" of his Salt Range Fossils (Vol. IV, 1891, p. 241). I 
am glad to avail myself of it as one of the best denominations in our stratigraphical 
nomenclature, and I sincerely wish that it may be used more generally in 
geological literature than has been done hitherto. 

Before entering into a detailed description of the anthracolithic fossils of 
Kashmir and Spiti, a few notes on the previous geological literature on the subject 
may be found uscfuL 

The first reference to the existence of carboniferous rooks in the Himalayas was 
made by Dr. Hugh Falconer in 1838, who proved the carboniferous age of a lime- 
stone in the Kashmir Valley. 1 

In 1850 W. King 9 described the first anthracolithic fossil from the North- 
Western Himalaya, Slrophalotia Oerardi, which had been collected by Dr. Gerard 
on the crest of a pass, leading from Ladakh into Bisahir, at a height of 17,000 
feet. 

Among the fossils, picked up by Dr. Gerard in Spiti and entrusted by him to 
the Asiatic Society of Bengal in Calcutta, a large number was subsequently proved 
to be of anthracolithic age. One of the most oommon shells in his collection has 
been described as Spirt/era liajoh by J. "W. Salter* in 1866. 

Although he never lost sight of its being a true carboniferous form, 
closely allied to Spirifer Keilhavii, von Buch, he erroneously inferred that it had 
been derived from the triassic beds of the Spiti-Pass. In an appendix to the same 
work, however, Mr. H. F. Blanford* correctly observed that Spirifer Rajah did 
not occur in the same bed with triassic ammonites described by himself in 1863,' 
but decidedly below them — " in beds, which other evidence combines to show, must 
be referred to the same general relative age, as the carboniferous of Europe." 

Blanford's view regarding the stratigraphical position of the beds with Spirifer 
Rajah was fully confirmed by Dr. Ferdinand Stoliczka, who in 1864 had examined 
a number of geological sections in Spiti and Rupshu. Among the palaeozoic rocks 
of Spiti three different series, the Babeh series, Muth series and Kuling series were 
distinguished by that learned author. The Babeh and Muth series he correlated to 
the silurian, the Kuling series to the carboniferous system of Europe. The prevalent 
rocks of the latter series be found; to consist of " a dark brown crumbling shale 
and a light coloured, mostly whitish quartzite, generally speaking very difficult 
to distinguish from the top beds of the Muth series." The total thickness of those 
beds, considered by him to be carboniferous, he estimated to be from 100 to 400 

* Pajteonlclogicul Metooira of Hugh Falconer, in " Official Report of Expedition to Kashmir and LitUi Tibet 
in 1837-38." Vol. I. p. S07. 

> W. King, "k monograph of tlx pensian fossils of England ~ LomK.b, 1840. p. 98, PI. XIX, 6|r». 6, 7. 

» J. W. &dttr nod H. F. JBUm/ord, " Paleontology of Niti ... ibo Northern HrmflajW Cefantte, 18S6, p. 5». 

• H. V. Bhaford, ibidem, p. 111. 

» 8. F. Stanford, - On Dr. Gerard's aoUection of fossils froi.. tie Sphi mlley in the Asiatic Sori.tr s llnaeuoa, 
Journal Ae»L 8oc of Bengal, 196S, No. 3, pp. 121-188. 
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feet. He records the following list of fossilB, collected by himself and Ur. 
Gerard 1 :— 

Spiriftr Alootakieflemrii, David*. 

„ Keiltarii, v. Bach [=$p. Rajai, Salt.) 

„ libtlicm, Stoliczka. 

„ altitagut, Stol. 
Product** Pvrdoai, l>aricU. 

„ $tmireticulalm, Mart. 
„ louy'ipinut, Sow. 
Jviculo, *p. 
Cartiitmor/iia, sp. 
Arienlopeetea, up. 
OrUoeera*,? ap. 

Among the species of Lamellibranchiatn not a single one permits of a specific 
determination. A single indistinct cast bas been identified as Producing Pttrdo»i 
but it does not warrant a decided determination. The species mistaken for P. 
tentreticvlaiut and for P. longUpinut belongs to the subgenus Margintfera, Waagen, 
and is one of the leading fossils of the Ruling shales of Spiti and of the 
corresponding beds in Kashmir. 

Whether Spiri/er tibeticut and Sp. aliivagut are really of anthracolithic age 
is very doubtful. The original geological position of the specimens collected by 
Dr. Gerard u not known. 8toliczka himself found only one loose specimen of 
Spiri/er tibeticut near Kibbcr. On the other hand, Spiri/er tibetieut is so closely 
allied to Sp. Orieibachi, Bittner,* of upper triassic age, that a distinction between 
them is very difficult. This question will be more fully discussed by Dr. Bittner 
in his memoir on the triaasic Brachiopoda and Lamellibranchiata of the llmuilayas 
(Palseontologia Indica, ser. XV, Vol. Ill, Pt. 2). 

Stoliozka'B notes on the stratigraphical sequence in Spiti have been partly 
corrected by B. D. Oldham and C. L. Griesbach. Oldham 3 in his interpretation of 
the Spiti sections inferred that Stoliczka's " Muth-quartzite " should be rather 
correlated with the carboniferous qnartzite of Kashmir, than with the silurian 
system. Gri&sbaob' confirmed this view and distinguished the following sequence of 
beds in the anthracolithic series of Spiti. 

The dark unfossiliferous limestones, which rest on the flesh coloured qnartzite 
series of upper silurian ago and which probably correspond to the devonian 
system, are conformably overlaid by earthy, grey, crinoid-limestonee from 600 to 800 
feet in thickness. The red crinoid-limestono is overlaid by a fine-grained, white 

1 P. Staiietta, " Geological Motions aarosa the Himalayan Mountain* from Wangta bridge on th* Hirer Sutlej 
to Sangdo on th* Indaa, ate," Mootoirs G«J. 8orr. of India. Vol. V, Ft. I. up. 28 — 29. 

' C. Dt'eaar, " £>sabaiaK einir Geolagiaohon Expedition in das Contra! Himalaya, oto.," Daakaohr, Kaia. Altad. 
d. Wiaa. Wmo, matb. nat. CL, 1895, Bd. LXII, p. 858. 

' R. 0. Olikam. " Soma notaa on th* geology of lb* M.W. nimaUj**," Records, OaoL Suit, of India. Vol XXI, 
1888, pp. 161-163. 

' C. L. GnubuA. Baaord* of tba OaaL 8mt. of India. 188». Vol. XXII. pp. 1S8-W7, and " Geology *f tke 
Central H-maTayas," Mao. Goal. Bnrr. of Indi*. Vol. XXIII, 1681, pp. 2U-8J3. 
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quartzite of about 500 feet in thickness, which Stoliczka originally included in bis 
Muth series. This sequence of beds is exactly the same as in the Centra] Hima- 
layas of Kumaon and Gurhwil. As in the eastern sections, the entire series is 
characterised by the scarcity of organ io remains. In the Geological Survey's 
Eimdlayan collections this series is not represented by a single fossil which 
would permit of a specific determination. Tins remark, unfortunately, likewise 
applies to the nest rock-group, a grey limestone which, Griesbach states, overlies 
the white qua rtzitc conformably. It is a " hard, splintery, grey limestone, in flaggy 
beds of a total thickness of about 70 feet, which has yielded numerous fossils, 
though few in Bpecies. Amongst them are several Produeti, Athyrit Boguii and 
Corals. Its evident connection with the white quartzite and the character of the 
fowls deflno its upper carboniferous age." 

It is very much to he regretted that Griesbach's collection does not contain 
fossils from this grey limestone exposed in the Pin river section near Muth, more 
especially so because this horizon seems to be absent in the Central Himalayas of 
Kumaon and Gurhwal and might perhaps be a representative of tbe Zewan or 
Barus beds of Kashmir. 

The grey limestone near Muth is overlaid by Stoliczka's Kuling series. In 
this series two groups of a geologically different age have been included by that 
author. The upper portion has yielded the cliaracteristic fossils of the Olocerat 
stage and consequently belongs to the scythian' scries of the triassio system. The 
lower portion, consisting of dark, crumbling, often micaceous shales, alternating 
irregularly with sandstone-partings, Griesbach considers to be equivalent of the 
permian l'roductus shalos of Joh&r and Fainkhanda. 

I am of opinion that the local denomination of ** Kuling thalet, " given by 
Stoliczka, might advantageously he retained for these beds, owing to the claim of 
priority, although beds of lower triasaic age had been originally included in Stoliczka's 
" Kuling series. " But a restriction of tbe original name to tbe well denned horizon, 
included between the grey limestone of Muth and the Otoeerat beds, is not contrary 
to the laws of stratigrapliical nomenclature. Among more recent instances I only 
need mention the interpretation of the term *' Partnach Schichten " by Skupbos, 
who restricts this name to the lower portion of Gumbel's Partnach beds and 
which has met with the unanimous approval of all Alpine geologists. 

The existence of true anthracolithic rocks in the Kashmir Valley, which had 
been first supposed by Dr. Hugh Falconer in 1838, was definitely proved in a most 
important paper by Captain Godwin* Austen and Th. Davidson, an abstract of which 
appeared in 1864 in the Quarterly Journal of the Geological Society of London.' 
The original paper was, however, only published in 1866.' Tbe sections of the 
fossiliferous rocks near Wasterwan, Barus, Loodoo and Khoonmoo, on the eastern 

1 B. ». MejriiorUs, W. Hansen, wid C. Dimtr. H Entm-arf einer GModoruttg der ptligioahen Bodic-mntf 4m 
TrUe S»ti-n»," SiU«tig»b*r. kiln. Alad d. WlwuKh. Wi*n. oi#4h. ui. CI. Bd. CIV.. 1S05. p. 1378. 

* Godvin-Auiien, " Geological ftotei oo [*rt of tbe X.-W. Hratikju." Quui. Joan. Gaol. Sor. Vol. XX, 
18*1. pr- 3S8-SS7 

' On th* orbomferooi rook* of tbe rtH»j of Kwlimir, with note* on tbe brtrbiopoda, collected by CopUio 
Ood.-m-Au.Ui. in Tib* M d Kubair. b, IX Dovid.^ ibidka. Vol. XXII, \m, „. J9-46. 
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side of the Kashmir Valley, S. of 8rinagar, were described in detail by Captain 
Godwin-Austen. The brachiopoda which were all obtained from the Kashmir 
Valley, and not partly from Little Tibet, as stated erroneously in his memoir, hare 
been examined by Professor Davidson. Tbe fauna described by this eminent 
author and considered as carboniferous, consists of the following forms, excluding 
those which were too badly preserved to permit of a specific determination : — 

Tcrtbralula (= DMa&ma ?) AutttnUna, Day. 

„ (Diflfma) neeuiml, Mart. 
Atkyrit mbtilUa, Hull. 
Spiriftr Hojak, Salter. 

„ Vihtamut, Davids. 

„ Ktukmeriemu, Davids. 

„ MoctakktfUHti; Davids. 

„ ip. ind. ( = Lydeikeri, Diener). 
Bkyncktmella plevrodo* nr. PavreuTiaaa^ilv Kon. 
„ Katkmfrirttn, Davids. 

„ Barutietit (miauamod : Btrumentu), Davids. 
S/reptorkvnektu creuUlri; Phill. ( = lie rbja ef. ttnitit, Phill.) 
Product** temiretieulatiu, Mart. 
„ Cora, d'Orb. 
„ tettlmeulut. Mart. 

Humholdti, d'Orb. (?). 
longitpinmt, Sow. (?). 
„ ttriatut, Fischer, (?). 
# „ tpinulotui. Sow. 

„ (?) laerii, Davids. 
Dilcinm Katkm'ritnrit, Davids. 

Ckomtei nardrentit ear. Tibetevii, Davids, (recte Kttkmerieniu, 

Lyddckcr)- 
Ckoneitt Utvit, David». 

„ Jutltftiatta, Davids. 

„ (Bpirifer, Davids.) Borutimu, Dav. 

Altogether 25 species, of which 13 only, or about one half of this number, are 
also contained in the Geological 8urvey's Himalayan collections from Kashmir. 

Professor Davidson sums up his views regarding the geological age of the beds 
from which these fossils wore obtained, in the following remarks, (1. c. p. 40) :— 

" Here again wc find many of our common and widely spread European and 
American species, along with a few, tbat had not yet been noticed from other parts 
of the world, and whioh indicate that tho carboniferous rocks of Tibet, Kashmir 
and tbe Punjab belong to one great formation." 

Another very important paper on the geology of the aothraoolithic region to 
the East of the Kashmir Valley was published by Dr. A. Vercbcro in 1866 and 
1867.' He stated that the fossiliferous series is underlaid by slates, in which there 

• A. VerrUn, " Kashmir, the Western Himfaja and th* " Afghan Moantaiits," Journal Asiatic Soc of Bsagal, 
Catontta, 1806. VoL XXXV, pt. S, pp. KM3*, 16».»M, 1367. Vol. XXXVI, pt. 8, pp. SOl-m 



6 



HIMALAYAN FOSSILS. 



is an abundance of contemporaneous volcanic rock. The limestones and shales 
which rest on these volcanio rocks bare been divided by Verchere into three divisions, 
called by him (in ascending order) Zeeawan beds, "Weean beds and Kothair beds. 
The t.-rm " Zeeawan beds " is, however, taken in a wider sense than in Godwin- 
Austcu's memoir, the Zcw&n beds having been restricted by the latter author to 
a distinct horizon of the anthraoolithic series only, characterised by its abundance 
of Fmettella. Both the Zeeawan beds and Weean beds are considered to be carboni- 
ferous by Verchere, whereas the Kothair beds were plaoed by him in tho triassic 
ayste'i. 

The numerous fossils collected by Dr. Verchere in the anthracolithic series of 
Kashmir Valley have been studied partly by himself and partly by B. de Verneuil, 
but the results of the? studies have, unfortunately, been published in a form which 
renders them almost-useless. 

Tho following species are quoted by Verchere from the Zewan beds :— 

yauttlu* PUmivgianiu, de Kon. 
TerebraUla (Ditlatma) taccvlut, Mart- 
Spirifer Ttreherti, de Verneuil. 
„ ttriatvt, Mart. 
„ McouHeflemtit, Davids. 
„ Bayak, Salter. 
Spiri/erina oeloplieaia vat. trantmna, Vcrch. 
Aliyri, tHlilifa, Hall. 
„ Buddiittt, Vcroh. 
ef. Bojttii, Lev. 
J?W«a (Eumeiria) s randieot!a, David.. 
Ortiit retupinatB, Mart. 

„ tp. ind. 
StropHomena analogs, Phill. 
Prod*etvt cot'alut, Sowcrby. 
„ ttnireticuUi**, Mart. 
„ Cora, d' Orb. 
„ HimhoWi, d' Orb. 
„ Purdoni, Davids. 
„ li/Hfitpiitui, Sow. 
„ BMvifntit, d' Orb. 
,, aeuiealu; Mart. 
Sttopkahtia (?) arteknoidta, Verch. 
PettUUa Syietii, de Kon. 
„ tp. ind. 
„ megatloma, de Kon. 
ftnniaria mvltangtlaru, ? Portl. 
Dittcichia ? tp. ind. 
Jcanfiocladia tp. ind. 
Beltpeta kpida, de Kod. 
Alveoliiu tepiot; ? Flem. 

Both the descriptions and figures (PI. L to X. Joura. Asiat. 8oc. of Bengal, VoL 



Digitized by Google 



INTRODUCTION. 



7 



XXXVI, Pt 2) are so unsatisfactory that I hare only been able to identify such 
forms as are represented in Vercbcre's collection entrusted to me for examination 
by the Director of the Geological 8urvey of India. For the following species the 
identification seems to be pretty certain : — 

Spiriferiae ef. KenlttekeMti, Sham. i 
Spiri/ef Mootthktjlentit, D»». 

„ Rajah, Salter. 
Jtiyrit tubtilila, Hall. 
Jbttia (Bume/ha) ef. grandittnto, D»v. 
Pr<xluctu4 ttmire<icvlal*t, Mart. 

„ Cora, d' Orb. 

„ aculta'*; Mart. 

Or t hit resvpiuata, Verch., is probably identical with \j. indica, Waagen. 
Athyrit Buddhiita seems to be really a new species. Spiri/er Vercherei, on the 
contrary, must be removed from the list of independent species, having been founded 
on strongly weathered waterworn specimens of Sp. Rajah only, which have lost the 
original details of their ornamentation. 

There can be no doubt about the identity of Verohere's Zewan beds— I prefer 
to adopt the spelling of this name as given by Captain Godwin-Austen— with 
the anthracolithic rock-group, from which the brachiopoda, collected by Godwin- 
Austen and studied by Davidson, were obtained. The case is different with the 
Weean beds of Verchere. Neither from Verchere's description of the Kashmir sec- 
tions, nor from his list of the fossil contents of this rock-group is it possible to make 
out whether they actually belong to the anthracolithic system or to ooe of the younger 
horizons in the stratigraphical sequence (Lydekker's " Supra-Kuling seiies"). 

The following species are quoted by Verchere from the Weean beds of Kash- 
mir : — 

GonitUtti gngeHe**, L. d« Kod. 
Nau'tfui diltllariut, ? Sow. 
SoUnoptii iatricata, de Kod. 

„ not. tp. 
Cordinia Himalayana, Verch. 

„ of lit, ? Mart. 
Cucullatu, sp. 
Pectcn, *p. 

Jvieulopeclon Jiuimilii, Flem. 

„ cvttut, Verch. 

„ ranut, Wrch. 

„ eirenlarit, Votco. 

„ tp. ind. 

Irt/udo, Vetch. 

„ gtbbotut, Vcreh. 
Arinut, nov. *p. 
Spiriferiaa Strtebeyi, Salt. 
Product!* Utvi$, Davids. 
Ckonttct Barmritmii, David.. 
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With the exception of the brachiopoda, all the type specimens quoted in the 
preceding list are contained in the Geological Survey's collection. Among them a 
single one only, Ooniatilet gangetieua from Banda, can he safely identified. It is 
identical with Danubilet nivalit, Dion., one of the leading fossils of the Himalayan 
S»brobuit*$ beds of lower triassic age. Attention has been drawn to this interesting 
fact in my memoir on the Cephalopoda of the lower trias (Vol. II, pt. I, of 
the present series). The rest of specimens are all undeterminable fragments, quite 
unfit for a specific determination. The Lamellibranchiata especially are so 
poorly preserved caste that it would be perfectly useless to have them figured. I 
can only say that it is absolutely impossible to derive from them any satisfactory 
conclusion as to tbe geological age of the strata in which they occur. Among 
the brachiopoda, Spir\ferina Strachegi points to a triassic age, this species 
having been found in tbe Lilang sries of Spiti by Rtoliczka. Thus beds of 
triassic ago have undoubtedly been included in the Wecan group by Dr. Verchcre, 
but it is impossbile to decide whether this group represents the lower trias only or 
may also include the topmost portion of the anthracolithic Bjstem, as was found to 
be the case with Stoliczka's Killing series in Spiti. 

Both Godwin- Austen's and Vcrchere's views of the stratigrapbical sequence in 
the Kashmir sections were partly modified by Lydekker 1 from whose reports on the 
geological survey of the Kashmir, Ladakh-and Chamha territories much valuable 
information may be obtained, although he was not able to establish a safe classi- 
fication of the upper palaeozoic and mcsozoio rocks (his " Zanskar system "), based 
on pakeontological evidence. Neither did he succeed in separating the triassic 
and anthraoolithic systems, nor did he recognise the lower trias and the typical 
Kuling shales, although both of these horizons are certainly present in Kashmir, 
as was clearly proved by an examination of the fossils in the Geological Survey's 
Himalayan collection. 

Tbe most important additions to our knowledge of the anthracolithic system in 
Kashmir, for which we arc indebted to Mr. Lydekker, arc the following : — 

The fossiliferous Zewan or Barus beds, the total thickness of which varies from 
30 to 280 feet, rest conformably on a compact white quartzite, which is considered to 
he the equivalent of the carboniferous white quartzite of (he Central Himalayas of 
Oldham and Griesbach. This quartzite is generally underlaid by massive amygdal- 
oidal and other traps, which frequently, when the bottom quartzitic bed is less 
strongly developed, pass insensibly upwards into the fossiliferous strata. Although 
Lydekkor hints at the possibility of these traps with their associated slates being at 
least paitly of carboniferous age, he preferred to class them with his Panjal system, 
whioh corresponds to the older palaeozoic rocks in other parts of the world. These 
slates, characterised by tbe abundance of contemporaneous volcanic rock, were 
found to be underlaid by conglomeratic slate, very similar to the Blaini conglomerate 
of the Simla sections, composed of subangular fragments and rounded pebbles of 
slates and quartzites imbedded in a matrix of fine-grained slate. 

1 B. Lydtkktr, " Tlie g*oli>Kj of the Kukruir uid ('bunU larritoriw and lbs tritub dirtrict of KhJgin," 
Mraoin G.ul. Snrr. of India, Vol XXII, 1883. Clnpter. VI. VII. I bava »( «t«d tlx pnriou. |»p.,. „f tbii 
aalbor pabliahed in tU Bwerdi of the OcoL 8«rv. of India, at limit content* an unbodied in (La neuioit qunWd. 
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Whereas Lydekker considered this conglomerate, tho glacial origin of which 
he advocated, to be of older palocozoic age, R. D. Oldham' compares the Kashmir 
conglomerate to the boulder bed of the Salt-Range and consequently refers it to 
the carboniferous system. 

The following fossils from the anthracolithie rocks of Kashmir have been 
figured by Lydekker, but were cot described in detail : — 

PrvtoTttepora atapla, Lonidale. 
Prodvctu* temitetie*ltt*t, Mart. 

BumMJU, d'Orb. 
Spiriftr ilriatHi, Mart. 
Phillip** ef. «mini/er„, Hill. 

These determinations, which seem to have been chiefly quotrd on the authority 
of Dr. Fciatmantcl, have been considerably modified by my revision of Lvdekker's 
fossils. For the following three forms an identification can bo established with 
certainty : — 

Produdu* lemire'ieuU'nt = it»r}i^feTa kinalajentii, Dwraer. 

HuMdti = P. Ai.eii, Wugeo. 
Spiriftr ttriatm = Sp. Ljdtkktri, Dientr. 

Mr. Lydekker was also the first to draw attention to the occurrence of the 
genus Lyttonia in the anthracolithie rocks of the Kashmir Valley. 1 

In 1891 Professor W. Waagen published the geologioal result* of his examina- 
tion of the Froductus limestone fossils of the Salt-Range. In this memoir* he 
briefly discusses the brachiopoda of tho Zewrin or Barus beds of Kashmir described 
by Davidson. He remarks that the percentage of truly carboniferous forms, 
that is to say, of mountain limestone forms, is far largeramong them than in the 
fauna of the Amb beds (Lower Productus limestone) of the Salt-Range, and that in 
the meantime slight affinities to Australian forms were indicatod by the presence 
of Spirifer Vihia»u», Dav., and Sp. Kathmerieiuit, Davids. 

Among the species quoted by Davidson, Waagen found only two identical 
with Salt-Range forms: Athgrit nubtiltta=SpirtgereUa Derby i, Waagen, and Spiri- 
fer Mtuakheglemii, Dav. To tnese species a third one, Dittinuca K<uhmerien»U, 
might perhaps be added, as its affinity to D. IParthi, Waag., amounts almost to 
identity. On the strength of this evidence Waagen came to the conclusion that 
" the Kashmir carboniferous strata should either be placed on a level with the 
lower speckled sandstone of the Salt-Range, or else they should be considered as 
intermediate in age between the latter and the lower Froductus limestone or 
upper speckled sandstone." 

There are several points on which I differ from the views of that learned 
author ; these differences will be noticed in the descriptions of the Kashmir fossils in 
their proper places. 

1 A M»nu»l of tba flwloiry «t India, tni Edition, by R. D. Oldham, Calcutta, 1893, p. 134. 
• IWdiGaol. Snrr. of India, Vol. XVII. 1889, p. 87. 

' W. W*aj4., Salt-Rango foutli, Palavnt. Iodiot, Mr. XIII, Vol. IV, Otelogiaal Re.tlU, pp. 168, lftl. 
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The material for the present memoir consists of the fossils collected in the 
Killing shales of Spiti by Dr. Gerard, Stoliczka and 0. L. Griesbach, of parte of the 
oolleotions made by Captain Godwin-Austen, Dr. Verohere and Major Collet in 
Kashmir, and, last but not least, in the rich collections, brought together from the 
anthracolithio rocks of Ladakh and Kashmir by R. Lydekkcr, with the type speci- 
mens, figured in Vol. XXII, of the Memoirs of the Geological Surrey of India. 

The paleeontological literature, which I chiefly consulted, when working out 
Parts II, III, and IV of this volume, is given in the following list. 



PALiEONTO LOG IC AL LITERATURE. 

Martin, " fetri6cata Dorbjenria, or fignr** » 



1814. Smoerif, " Mineral Conehology of Great Britain." Vol. 1, 1 

1S17. Scilotitim •• Beitraite tur, Y«T*t*ia*riir,g»lraade, " DenbeohrifUn itt Kgl. Akadainio d. 

Munohen, Bd. VI. 
1820. J>ar*i«o«,-Org«i«roB»ln.or»fomer»oild,- Vol I. 
1836.44. Ootyvu. Potrelaola Germaaia,, Abbllduniren <u 

nod der nngreiizenden Leender. 
13S5. Pkillif*, Illuimlw of Ui<Ow>loKjdlTatluktt*, Sad edition. 
1887. Fiichcr van Waldkeim. OryctOtfraphi* da Goaremoineot d« Mowon. 
1889-48. A- 4'Orbignjt, Voyage d»n» I'Anariaa* Ittridionalo, Paleontologie, T. H.L 
1840. Z. v. Buck, Emm d'ane cUuifioalion dee Delthyria, Mem. 8oc. Owl. d« Kruno, Vol. IV. 
L. it JCninek, Deacriptina d« aoimaax foeiitee, qui b troureot daoa 1* I 
Belgiqu*. Mem. d* U Bee. Bojale dra Boimeti do ItHg*. 

Petersburg. 

1844. M'Coy, Synopai* of the character* of tb* earboaifaroru foaila of Ireland. 

1844. Ck. Darwin, Otologic*! obeerration* OB lb* rolcaaie leUnd*, raited during- the eojag* of H. M. 8. 

Bangle. Appwidit, DeecriptUm* of foaail thclbi and ooral* from Vu Di«n*a»land, by G. B, 
Sorerlf and W. Lonulole. 
1S4S. Strtltc'.ki, Phyrioel DoKriptinn of New South Wale, tod Van Diemanelaad. Palmatology by 

jtforn'i. 

1845. MmrekiM*. S. U Ventuil et A. «V Ktgttrlinf, Goologw do 1* Bnwio d'Evrop* et da 

de roanl, Vnl. II, PaleontoUigie. 
1848. L v. Buck, Ceber Spiriftr KtUkam. oeber doom Fondort 

Abbandkn. Koeeigl. Akad. d- Wi**»B«h. B.rlin, p. 66. 
184«. ^. ««/ JTejweWiae, Wi.KBtcbaitl.ohe Beobachtaagea an! eiaer Beie* la da. P.UehoraUnd. St. 



1847. X. rf. A'oa.Vi, Moaognphie dot geare* Prodoctue el Choaetee, Hfm. do la Soe. Boyale dot 



1847. AfTo?. On tbo fowl botany and unlogj of tho rook* aamiaUd with the «•! of Aortralia, 

Annal. tad Hagaxine of Nat Hiatory, Nea- York. 1 *ct. Vol. XX. 

1848. L. i* Koninck, Noarclle* notice* tar 1*9 foaiiU* da Spitiberge, Boll. Acad. Eoyxl* Jc Belgian*, 
* Vol XVI. pt. 8. 

1849. Dona, Description, of fonil .hell* obUinod by the U. 8. Biplorlng Expedition la Autralia. 
I860. Jiing, A mouofrraph of tbe permian fooails of Enjrlaad, PalaootogTapbical Stjeiety, Loadoo* 
18S1-8S. 1%. Da pulton, A nonograpb of tho British foaiil Bracbiopoda, P»l«out*griiphi«al Sooiaty, 

Loodna. 

1852. Otttn, Htport of tb* Q*o)ogie*J 8ar*ey of Witooaain, lor* and Minnoanu. 

1858. J. Ball io Bpmtri Sfnsinr,; lUpnrt of an Exploration of tb* Valle, of tb. Great 8ajt Lake ia 

UUh, Philadelphia. 
im. Si.on.rJ la B. Marcf. Eiploratioa of th» Bod Bir W of Louisiana, 
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1RSS. Ski—ard in lit and 2nd Amul Rtfott Geoi. 8orrey of 1 

1865. iurAwaM, Letliaf* Ro**>r». Amv.nr.Ti* lY'riode, Vol. I. 

1866. Xerwoed and ProtU*, Notiee of Produeiut and Ckmttti a* fboad in the Wej 

Terriloriee, Joura. Aead. of Net. Sbmdom of Philadelphia, Vol. Ill, p. 5. 

1866. .AVfcwrf ud Pratt**, Foeaile from the Carbonifarou* eorioe of tbe WeeUra Btatfa, ibidem, p. 7L 

1867. Zyon, Cos tad I*xpumx, PaUeontc! sEicul Retort of Kentucky. 

1867-68. JAaawrot and SkuIIok, Deacription* of nrw fowili from the Coal Ueaaotee of Mieeouri asd 
Kanaiia, Tr»-n»rtiaa«. Aoad, of Soieoow, 6*. Louie, Volt. I and II. 

1868. HM. Report on the G*ologiaal Survey of Iowa, VoL I. Palraootology. 
18S8. Jforwoa. Geology of North Amorioa. Zorioh. 

18(0. Oiwnaldt, Boitnego xnr Kcnntaiea dor udimantitniD GtbrrgifannalicMn in dee Bcrgbenpl 
mau*ch*ft«n Yokatberinbnrg. Blntoaot, etc, Mom. Aoad. Impet. dee eeittjcae do St. Ptttnbonrg 
on. VII. Vol. II. 
1861. Oeinitt, Di* Dyne I. Abth. 

Softer. On the laetile from tat High And», collect** by E. Faroe* Quart. Joura. Cool 8oc.. Vol. 
XVII, p. 6*. 

ZW.im, On aorat oarbcuifrrooi Breehiopoda, onllorttd in India by A. Fleming and W. Purooc. 
Quart. Jouro. Oeol. Soo.. London. Vol. XVIII. p. 26. 
1803. L. *> Kniwk rt Tb. Daviini*, " M«mo.re tor I*, foeailet palooioiqaei woraOlu dan* l'lodo." 
1868. David**, On th* lower carboaiferoo* Btachiopod* of Dora Scotia, Quart. Jouro. G«o|. 8oc„ 
Londoa, Vol. XIX. p. 163. 

1863. P. Swmtr, Ueber ciDO marine Coaohylieafauna im prodnetWen 8 

Zeiteabr. d. DtoWoben GooL GaaelUehaft, Ud. XV, p. 667. 
1868. &*imt: Bcdlraego itr Kenntaiai dtr orgnoiicben Cebmetta d« Djaa, Nona Jabib. f. 
p. 386. 

1864. link and U* s im, Pehoootolofy of tb* Upper Mitaoari, Bmitheooion Contribution of 

Vol. XIV, p. 1. 

ISM. Mti in Wkitnty, Geological Sim; of California, Vol I. Palaxnatology. 
1866. StlUr and Blatfori. FaUootology of Niti in (bo North*™ Himalaya*, Calcutta. 
1866. Btjriek, Ueber eine Kohlaakalk-Faaaa von Timor. Abbeadlgn. Koeai«l. Abed. d. ' 
1864, p. 61. 

1866. G*i»Ui, Corboaformation nnd Dyea in Kebneka, Nora Acta Aoadem. Car*. 1 
Vol. XXXIII, p. 1. 

1866. JDoeufon, Note, oo the oerboniferou* brathiopoda, collected by CpU God>in-Aneten in tb* Va)l*y 

of Kaehraere, ete, Quart. Jounu Geo!. Soc, London, VoL XXII, pp. 36-45. 
1866-76. Jf-oei and WortiVa. P.Uwntotogy of 1 

1867. rercUrr,. Kaahmix, tbe Weatera Himalaya and tb* Afghan Mountain*, Joura. Aaiat Son. of 

B^.L Calcutta, VoL XXXVI. Pt. S. 
Fof... Jf«(/«r, Cberdie Tr.lobiten d*r Bteinkoblonfonaatioa d«a Oral. Bull. d. la 8oc. imptr. 





Bull. Boo. Imper. doe Nat. de Uoeoou, Vol XI. No. 8, p. L 
1667. Dniin* and Titoouo*. I>t*criptioii of tbe Carbonit«roui 

Geol. 8oc of QleiKOw. Vol. II, pp. 46. 149. 
1867-49. McCkttMj, De*.TipUro ol new tpnioe of fauile from tbe pakeoioie roek* of tb* Weateni 
State*. Traoaaotiooe, Cbioago Aoad. of Sataneea, Vol. I, p. 1. 

Wkitt aad St. Jekm, Inscription of n*w anbcarboaiferuBa and ooal-nuaaar* fouik. etc.. ibidem, 
Vol. 1. p. 116. 

TouU, Deber einige 7o*eili«n dee K *l«nk»lke« ?oa Bolirla, Sltmagiber. Eaia. Akad. d. 
aoh. Wiau. math. naU CI. Ud. LiX, p. 433. 
. ittk, Deof-ripliom of new >p«>«a from th* pakaoioio raaka of tb* Weet*rn Stetoa, 
Aoad. of Soieoco, Phlladelpliia. p. 24. 
1870. Stemtr, Geologi* too Ob*r»obleai*n, Brealaa. 

1873. Btktridg*. Vtactiption of tb* palMtoie and inaaoaoie fo-ila of Qaoenaland, Quart. Joorn. QooJ. 

8oe, London. VoL XXVIII. ^ 817. 
1671. M~k, Paleontology «l Eaetorn N.bre*ia, in JLfoe* aad Haydn, r ID ai Beport .pan the 0. S. 

Qtfiol* ftuxT. of Nt brn*ka, WuhiogtoD- 
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1978. L. It Koninek, Moaogrephio in foeailte oaibeaiforea da Bkibcg to Cariatbia, Him, it la Boe. 

Rorala dee Scieneeo it hiigt. 
1879. IWa, Kohleckelk-Foeulien too dor Sndipitw too Spitibrrgta, fttiuageaer. £n!a. Akad- d. 

vTi«e.ui*h. Wioit, math, ml. CL Bd. LXVII1. p. 807. 
1873. Ifttt, Report of the GmildRical Sott.t i»f Ohio, Vol. 1 1, PaUaootologT. 
1871 Dirty, On the ewbonifrtone bracliiopodn ol 

V«1. 1, So. 2. 

1974-79. TrautttidJ, Die rUllibrlklie tod Miatecbkowa, Mem. 800. Imper. do Nat. it ] 
1876. JWo. Panoomrhon-FowilMo von d« Wert K6.fr Ton SpfcxWrgm, Neoee Jahrb. f. Mia. p. i 
187*. Tenia. KohUokalk uod Zrakatein-Foaulien aue d«m Horaauod as dor 8. W. 
«ea Bitigober. Kaia. Akad. d. Wi». Wien, math, oat. CI. Bd. LXX, p. 1». 

1876. JWe. Eio. Kohl.nkalkf.ua. to. do. Bar.nl. Ia*ln (Sowaj. Seanlja), ibidem, Bd. LXX. p. 5S7. 

1877. WiUt, in IFAWer* Report npon the 0. 8. Geographical Bnrnr* wMt of the one-h 

Jan, VoL IV, PalnxotoloffT. 

1877. Mttk, Boll and WlUjSM in C7. King', Beport of the Geograph. aid Gaol. Explontkm of 
Fortieth Parallel VoL IV. Pnlicootolngr, Pta. 1 and 9. 

1877- 78. Slaett, bvtra^go mr Keiinlniao dor Faaoa der 

R*eha.Ao.t. Winn. Bd. XXVII nnd XXVIII. 

1878. Abich, Geologijcbe Forachongtm ia don 

dor Amuoenge bei Djoolfa. Wleo. 
1876*78. X. de Konintk, Raohorchoo nr loo foeeilej ] 
Boyale dfti Seuwou do Liege, YoU. VI, VII. 

1878- 87. L. dt Somitt, Fauna du Calcalre earbaoifc 

IMgique, Broxella 

1879. Vol. ». Mottltr, Uobor die bothraloguclie SleUong dot 

Ton Djulfn ia Anoonioo, None. J.hrb. f. Mitu, p. 336. 

1879- 80. rFween, Bait Range FcwiU, PaWologia ladiea, ttt. XRl, Vol I, 

M 
1881. K. 

Le,den, Vol. I. Di» 
1888. WkilfitU, On tho I.un. of tbe lo>or earh 

Mat HBtory, Vol. I, p. 99 
1883. Hyatt, Genera of fw.it cephalopoda, Prooeed . of tha Borton 80c of Not HiaL. V«L XXII. 
1883. B. Lfithktr, Tba Geology of the Kaohmir and Chamb. Tettitoriaa and tha Britiah 

Khatau, Man. deal. 8u>. of India, Vol. XXII. 
1883. Hatdtn. Xlllh Aaaaal Report C. 8. Oeol. 8»r». of Wyoming and Idaho, T% 1. 

1883. Stacit, PragtnooU enter ufrikaaitthea KohJenkalk-feuon .no deia OebiaU dar Weataahera, 

kau. Akad. d. Wiaiaaaeh- Wion, moth. net. CI. Vol. W, p. 888. 
1881. Kagttr Oberearboniaohe Fauna ton Loping Riobthofoa'a " China" Vol. IV, p. 160. 
1883-84. M. Woodnard, A monograph of tha Britiah Caibonifcrooa TrUobHat, PaLwjntopr.pl 

•Uoiuloii. 

1684. Wikutt, Tha Paheoatolugy of the Enrok. diotriot, Mooographa, U. 8. OaoL 8iirr.. Vol. VIIL 

1884. WkUe, Xllltb Annual Roport of tho Urology of Iodiana. Pt % Palneootology. 
1886. T«Aor»y»r*«ic, Dor parmlaoho KalkoUin im OoaTeroomont Kvotroma, Vorb. Kaia. 

Gea. St. P«t*r»borg. 

1887-88. Qtimtllar*. U fauna iti calo«i eon FoanUna doll. Vallo del fiumo 8oaio neUa 
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1889. A. K«rpi»>ky, Cabar dia Ammoww dor Artinak-Stofa mi einig* mil denadbcn varwandt* 
nrtauaeba Porman, Msm. And. Impir. do. Sataana d. 8t P«tot»bo.rg, Mr. VII. T. XXXV II, 
Ho. a. 
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1891. Jack and Elhtridft, joo- Geology and Palaogtology °' Q^eeojUnd and New-Guinea, 
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Sec., VoL XXXV., No. IM. 
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HIMALAYAN FOSSIL 9. 



DESCRIPTION OF FOSSILS. 

Class: CRUSTACEA 
Order: T KILOBITS. 

Family : PHOETIDjB, Phillips. 
Genus: PHILLIP8IA, Portlock. 



1. Phixupsia bp. ind. aff. semimfera, Phillips. PI. I, figs. 1, 2. 

1883. Piillipti* ef. temiuiftra. hxieVktr, Otology of the KMtimSr ttli Ckamba Urritoria, etc. Mom. 
Gool. 8nr». of Indik, Vol. XXII. PI. II, 5, fo. 

This species is represented in the Himalayan collection by two pygidia only, 
which are too fragmentary and too badly preserved to pormit an exact determina- 
tion. One of tbem (fig. 1) has been discovered and was compared with PhUliptia 
setninifera, Phill., by Lydekker ; the other was not discovered, until the whole 
collection had been looked over several times, owing to the fact that it was 
crushed and partly covered by fragments of a Spiriftr. After carefully cleaning 
it, however, it was found to be a PhUliptia, which I think may be safely referred 
to tlie same species as Lydekkcr's type specimen. • 

The pygidium figured by Lydekker, which is the better preserved of the two 
specimons available for description, is of a semi-elliptical shape, rather strongly 
convex and a little wider than long. The axis is considerably elevated above the 
lateral lobes. It is about one-third of the breadth of the entire tail-shield at its 
anterior border. Its posterior portion has been broken off, but from its preserved 
outlines we may judge that its extremity was rather prominent and distinctly 
obtuse. 

In my second specimen (fig. 2) this character of the central axis may likewise 
be noticed. In the preserved portion of the axis five coalesced somites are shown. 
The lateral lobes consist of eight pleurss, terminating within the narrow marginal 
space. Traces of tubercles may be seen both on the surface of the pleura and of 
the axial rings. 

The measurements of this pygidium can only be given approximately, owing 
to its fragmentary and partly deformed condition. They are as follow :— 



Imngih of tli* Mitl lole 8'S .. 



Iongth of tbe entira prgidiom 
Bnodtfa „ „ „ 
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• 

The fragment of the second pygidium (fig. 2) shows eight somites in the axial, 
and six pleune in each of the corresponding lateral lobes. Traces of an indistinct 
granulation may likewise be noticed, both on the surface of the strongly marked 
lateral pleura? and of the axial segments. 

No measurements of this pygidium can be given on account of its imperfect 
state of preservation. The dimensions may be gathered in a general way from the 
figure. Its original outlines seem to have been altered considerably by crushing, 
especially so in a transverse direction. 

Locality and geological porilion ; number of tpteiment examined. — N. of 
Eishmakam, Lidar Valley, Kashmir, in a dark-blue limestone with numerous 
Fenettellae; Coll. Lydekker; 2. 

Remark*. — Among the congeneric species from carboniferous rooks of European 
districts, Phillipria lemintfera, Phillips, has been correctly compared with the 
present form by Lydekker. The two species are certainly closely allied, though 
probably not identical. It is especially the figure of Ph. imini/era given by 
Woodward on Fl. V, 6g. 5, of bis monograph of the British carboniferous Trilobitea 
(Palroontogrnphical Society, London, 1883, Part I) which strongly resembles 
Lydekker's specimen. It it, however, not possible to fix the affinities between 
the European species and our Himalayan trilobite in a more positive way, as the 
state of preservation of the latter is too indifferent to warrant an exact determina- 
tion. 

Phillipna teminifera has been mentioned by L. de Koninck (Recherohes sur 
lea fossiles paleozoiques de la Nourollo Galles du Sud, 1876, p. 848) among the 
carboniferous fossils of Colocolo in New-South- Wales, but I am far from con- 
vinced of the correctness of this identification, especially regarding the pygidium 
figured by this author on PI. XXIV, fig. 9a of his memoir. 

An Australian speoies, which is probably closely allied to the present one, is 
Orifflihidet dubittM, Etheridge (Quart. Journ. 1872, VoL XX\ III, p. 338, PI. XVIII, 
fig. 7) from the carboniferous rocks of the Don Hirer in Queensland. 



MOLLUSC A.- 

Class: LAMELLIBRANCHIATA. 

There is no more difficult group among the an thracolithic fossils of Kashmir 
and Spiti than the Lamellibranchiata. Although this class is well represented, I 
have not met with one single complete specimen. Thus even the few identifications 
must necessarily remain uncertain. This will, I hope, explain why I deemed it 
preferable to indicate the described rpecies which are probably new, as ip. ind. 
only, without adding a particular denomination. All the numerous specimens 
collected by Dr. Verchere have been purposely excluded from a special description* 
their fragmentary state of preservation rendering them absolutely unfit for deter- 
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• 

I need hardly say that with such materials no i<lt»a of the real character of 
the fauna can be farmed. No doubt, systematic researches at the proper localities 
will greatly add to our knowledge. 

Order : ANISOMYARIA, Neumayr. 
Family: MTTlllDX, Lam. 

Genus: MODIOLA, Lamarck. 
Modiola ? SP. IV d. PI. I fig. 5. 

The nmbonal region haying been broken off entirely, the fragment of a right 
valve is provisionally and with much hesitation referred to the genus Modiola on 
account of its external similarity with some types, figured by L. de Koninck on 
PI. 28 of his " Faune du Calcairo Carbonifcre do Ik'lgique " (Annales du Musee 
Roy. d' hist, nat T. XI. 5 erne ptic.)> It especially reminds of M. prince p» or 
of It. furiformi* by its obliquely elongated, slightly inflated shape, and by its 
nnmerous concentric strias of growth, which are of somowhat irregular strength 
as in M. Cordoliana. 

Locality and geological position ; number of specimen* examined.— Dark-blue 
micaceous shales with numerous FenosteUa, near Eishmakam, Kashmir Valley ; 
Coll. Lydekker; 1. 

Family: PKCTISIDjB, Lamarck. 
Genus: AVICULOPECTEN, M'Coy. 

AviCUWPtCTEN 8P. IKD. PI. I. fig. 3. 

The only known specimen of this species is a right valve with a nearly circular 
outline and a very indifferent sculptum, The valve is strongly inequilateral, flat' 
and about as long as high. The apex is anterior in its position, slightly prominent, 
limited on both sides by wings of unequal size, the posterior car being considerably 
larger than the anterior one. It is on the strength of this character that I have 
considered this species as belonging to the genus Aciculopeclen. 

Both wings are marked off distinctly from the remainder of the shell. The mar- 
ginal edges, which separate the apical region of the valve from tbo wings, slope very 
steeply towards the surface of the latter, although their general elevation almve 
them is not considerable. The anterior margin projects far in front of the anterior 
wing and passes gradually into the ventral margin. The posterior margin is conti- 
nuous, not sinuated at the commencement of the posterior wing. The hinge- line 
is only ono-half the length of the ant cro- posterior diameter of the shell. 
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The whole valve is very flatly arched, iU greatest thickness being situated 
about the middle of its height. 

The surface is smooth with the exception of numerous and delicate concentric 
lines of growth. Traces of a few radiating costie may be seen on the surface of the 
posterior wing. 

The measurements are as follow :— 

Entire length of thnh«]l Slain. 

„ height , 21 » 

L«t)gth of tin hinge-lino B „ 

ThiokMt* of th» right r»l»o 1"S >, 

Aptctl »agU without lh« wingi cc*. 90° 

Locality and geological potUioti ; number of sptcimetu examined.— Dark-blue 
shales and limestone partings with lenettellce, near Eishmakam ; Coll. Lydekker ; 1. 

Remark*.— A specific determination is impossible. In ornamentation it re- 
sembles A. tquamula, Waagen (8alt Range Fossils, Pal. Ind., ser. XIII, Vol. I, 
Prod. Limest. Foss., p. 315, PI. XXIV, fig. 5), but it differs from it radically owing to 
its strongly inequilateral outline. From A. tibirictu, Vcrneuil (Geologic do la Aussie 
d' Europe, Vol. II. Paleontologie, p. 329, PI. XXI, fig. 7) and A. ellipticvs, Phill., 
it is also readily distinguished by this latter conspicuous character. There is also 
a distant similarity between it and Aticula circular**, Hall (Palaeontology of Iowa, 
p. 522, PI. Vll, fig. 9) or Streblopteria cellenais, L. de Koninck (Faune du calcaire 
carb. de Belgique, p. 209, PI. 39, fig. 14), although tho Kashmir shell is certainly 
not a Streblopteria. 



Genus : PECTEN, Klein. 
Pectbn sp. int. PI. I. fig. 4. 
This species is represented by a single left valve only. 

Outline transversely oval and very inequilateral. Apex anterior not very 
prominent, pointed. Two wings, of which the anterior is by far the larger. I 
based the determination as Pectenon. this character, no other generic features being 
seen. Anterior wing flat, almost rectangular, separated from the anterior marginal 
edge of the valve by a furrow, bounded by a comparatively high perpendicular 
wall. Towards the posterior wing the shell is less steeply inclined, but the edge 
separating them is also distinctly defined. This wing is rather small and cut off 
obliquely, its posterior margin meeting tho hingo-line at an obtuse angle. Hinge* 
line rather short, barely one-half the entire length of the shell. 

The anterior margin forms a broad curve and projects only slightly in front 
of the anterior wing. It is continuous with the broadly arched ventral margin. 
The posterior margin passes into the ventral ono in a kind of an obtusely rouaded- 
off ungh', from where it ascends in a nearly straight, oblique line, passing into the 
furrow which separates tho posterior wing from tho remainder of tho shell. 

The valve is moderately inflated, its greatest thickness being situated about 
the middle of its height. 

D 
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The ornamentation consists of numerous extremely thin concentric strise of 
growth, which are crossed by a aystom of radiating costs. The latter are aug- 
mented in number towards the margins by intercalation. They are unequal 
in strength, roof-shaped and separated by valleys of unequal width, but stronger 
and thinner costto do not alternate regularly. On the anterior wing a delioate 
radiating sculpture is likewise noticed. The posterior wing is entirely smooth. 

Tho measurements are as follow : — 

Kntim InRth of tho shell H S TO 

m ktight n W » 

LtngU> of tho hlngo-liuo 7 , 

T»iokoMOofthol.ftT»lTO 4 , 

Apictl oogte vitkMt tie vingi SS* 

Locality and geological petition ; nwnber of tpecimext examined. — Dark-blue 
micaceous shales, associated with Spertfer Lydekkeri and Feneitellw, Eiahmakam, 
Kashmir Valley ; Coll. Lydekker ; 1. 

Be mark*. — The specimen is too fragmentary to determine its relationship to 
other congeneric forms. In the character of ornamentation it is not unlike Feet em 
precox, Waogen (8olt Range Fossils, I.e., p. 818, PI. XXIII, fig. 8), from the top 
beds of the upper Productus limestone, or some of the Pectinet from the 
Bellerophon-limefitone of the Comelico district described by Stache, but it radically 
differs from them by its strongly inequilateral shape. 



Class: PTEROPODA? 



Order : CONTJLARIDA, Waagon. 
Family: OONULl&lDJi, Walcott. 
Genus: CONTJLARIA, Miller. 

COHUXARIA TEHOIMMATA, M'Coy. Fl. VII. fig. 8. 

ootJ of Aortndio, Ann,!, tod Hi* of KM. History, YoL XX p. PI XVII, <gi 7. 8. 
1877- C. ImMi, L. do Kosinok, Bothnthtt taz 1m fou. paMouifSM la 1« XovtoIIo Gtllot du Sad., 

p. S10, PI. XXIII, fig. 8. 
IBB6. C. tnmirtrMa, Wmcm, Roeerrli Qoot. Sott. of Isda, YoL XIX, Ft. ]., p. SS ; PI. I, fig. S. 
I8S1. C. tt—ittntt; WatgMi, Bolt Boa^r Fooailo, Pol Int., o«r. XIII, Vol. IV. QMUtg.oi] Bo.ulta, p. 125, 

Pl.V.SgfcJ.J. 

A single fragment of this species was quite accidentally discovered when 
chisolling out a specimen of Spiri/er Lydekkeri from a block of quartz-sandstone. 
I only succeeded in clearing two of tho perfectly well preserved faces from the 
tough matrix and in developing the transverse section. Although incomplete, 
the specimen is, I think, sufficiently well preserved to permit of identification. 
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The fragment belongs to a young individual of a total length of about 
60 mm., of which 29 mm. is preserved, whilst the apical portion was broken off* 
Apical angle very small, a little less than ten degrees, imparting to the shell a 
strongly elongated shape. Outline of the transverse section somewhat rhomboidal 
and inequilateral. The narrower side is nearly two-thirds the breadth of the broader 
one. Both the longer and narrower faces an distinctly impressed in the middle. 
The four corners of the pyramid are marked by narrow furrows, ia which the ribs 
from both sides meet, being slightly bent backward a and alternating with each other. 
These transverse ribs, whioh ornament the four faces, meet in the middle of the latter 
under an obtuse angle and there mostly alternate. Very few only unite directly 
with each other and then form simply broken, upward curved lines. The ribs are 
very thin, smooth on their crests, and rather regularly distributed. From seven- 
teen to twenty ribs are counted within a space of ten millimetres. 

I have not observed any striation on the surface bctwonn the ribs. 

I do not think that there can be any doubt about the identity of this fragment 
with the specimen* from the Conularia •nodules of the Salt Range boulder-group, 
whioh have been described as C. tenuittriala by Waagen. Whether the specimens 
from the Salt Range ought to be identified with M'Coy's Australian species appears 
to me less certain. The latter seems to be distinguished by its strongly inequilateral 
transverse section, the narrow sides of whioh attain scarcely one half the length of 
the broader ones. The difference in the number of ribs in the Indian and Austra- 
lian types has been satisfactorily explained by Waagen. In the small fragment 
figured by L. de Koninok (I. c. PL XXIII, fig. 2a) exactly the same number of 
ribs is counted within a space of 10 mm. as in the present specimen. If the 
difference in the shape of the transverse section should be thought a sufficient reason 
for distinguishing the Salt Range and Kashmir types from the Australian ones by 
a varietal denomination, the name Conularia tenuittriala var. Indiea might be 
applied to them. 

It cannot be identified with 0. laevigata, Morris (in Strzoleoki's Physical 
description of New South Wales, eta, p. 290, PI. XVIII, fig. 9), on account 
of its considerably smaller apical angle, ita rhomboidal, not rectangular, laterally 
impressed transverse section, and its more numorous ribs. Prom 0. Warlhi, 
Waagen, and its allies it is at once distinguished by its different sculpture. 

Locality and geological petition ; number of specimen) examined.— Quartz 
sandstone with Spirifer Lydekkeri, Ladakh Valley, Kashmir; Coll. Lydekker; 1. 

Remark*.— The occurrence of this species in the quartzitio sandstones of the 
Ladakh Valley is of no small interest. Its importance is, however, diminished by 
the fact that the exact stratigraphioal position of these sandstones in the anthra- 
colitbic system of the Himalayas is as little known as that of the Conularia- 
nodules in the Salt Range boulder bed, discovered by Dr. Warth in 1865. 

Conularia tenuittriata has been quoted from the carboniferous sandstone of 
Murreo by L. de Koninck, from the boulder bed of the Eastern Salt Range by 
Waagen and from the Gympie beds of Queensland with some hesitation by 
Etberidge, jun. 
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M0LLUSC0IDEA. 

Class: BRACHIOPODA. 
Order: TE8TICAKDINE8, Brona. 
Subordor: APHANEROPEGMATA, Waagen. 
Family: PRODUCTIDJE, Grey. 
8ubfamily : PRODUCTINJJ, Waagen. 

Genus: PRODUCTUS, Sowerby. 

The Produetidce are the most numerous fossils from the antbracolithic rocks of 
Kashmir and SpitL Four genera {vis. subgenera) of this family are represented 
among them. They are : Productus, Margiaifera, Strophaloiia, Chomtet. Among 
them the genus Productus takes the most important part, at least regarding the 
number of species, of which I count not less than eleven altogether. Three of them 
are to be attributed to the section of Fimbriate two to the b'emireticulati and 
Spinori, one to the Lineati, Undati, Caperati, and Irreguloret. 

A classified list of the Producti, from Kashmir and Spiti, which I bare been 
able to determine specifically, is drawn up in the following scheme :— 

I. 8ictk>r, LINEATI. 

1. Product** Cera, d'Orbigny. 

II. Section, UNDATI. 

2. Proiuctut uttdatvt, Def ranee. 

III. SwttoK, SEMIRETICULATI. 

3. Produciut ttmiretitulatui, Martin. 

4. P. «f. loagitpinui, Sowerby. 

IV. 8icno», SPINOSI. 

5. Product** tf. tealriculut, Martin. 

6. P. ef. tpinuiosui, Sowerby. 

V. Sbctiom, FIMBRIATI. 

7. Proline! ut Aiieli, Waagen. 

8. P. putlulotu*, Phillip*. 

9. P. punetalu*. Martin. 

VI. Sictiox, CAPERATI. 

10. Pradueiu* aculeatui, Martin. 

VII. SscnoK, IRRRGULARES. 

1 1 , Product** nauooiici, Diener. 
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In addition to these species a very remarkable one may be mentioned, which has 
been described and figured by Professor Davidson (Quart Journ. Geol. 8oc., London, 
Vol. XXII, 1866, p. 44, PI. II, fig. 16) as PrvductM laecit, not. $p. It was 
founded on a Binglo ventral valve, " occurring in a coarse limestone in the Zcwan 
beds, valley of Kashmir, but less compact and of a lighter grey, than the bed, 
from which most of the species, found at Khoonmoo, were obtained." 

Davidson's description of this species is as follows :— " Shell small, nearly 
circular; hinge-line slightly shorter than the greatest width of tho shell ; ventral 
valve evenly convex ; ears small, surface smooth (?) ; length 3 lines, tho width 
Bligbtly exceeding the length." 

This species is not represented in our collection. Without venturing a decided 
opinion on this subject, I do not think it superfluous to draw attention to the striking 
resemblance of Produot«$ laecU to the triassic Koninckina Leonhardi, Wissm., 1 
from St. Cassian. As Professor Davidson himself asserts his specimen to have been 
found in a rock lithologically different from the limestone, from which the majority 
of bracbiopoda collected by Captain Godwin-Austen bad been obtained, the identity 
of P. laevis with a species of Koninckina is not impossible. In the upper triassic 
beds of tho Bambanag Range (Kumaon) tho presence of Amphiclina, a typical 
representative of the Koninckinida, has been proved by Dr. Bittner.* 

On the other hand an identity of Prod, laeci* with Leptaena indie a, Waagen 
(8alt Range Fossils, Pal. lnd. ser. XIII, Vol. I, Prod. Limest. Fogs., p. 609, 
n. LVIlf, figs. 7 — 9) from the Katta beds of the middle Product as limestono is 
likewise possible as has been suggested by Waagen himself, although to me this 
solution of the question does not seem very probable. For Mr. Davidson should 
scarcely have placed, I think, his Kashmir species in the genus Productut had 
he been able to demonstrate the presence of an area in his specimen of a similar 
kind, as it is developed in Leptaena indica. 

Besides these species Productut Eumboldti, d'Orb., P. Bolivienait, d'Orb., P. 
cottatus, Sow., P. Purdoni, Dav., have been quoted from tho carboniferous rocks 
of Kashmir by Dr. Verchcre. The last mentioned species has also been described 
from the Kuling shales of Spiti by Stoliczka, but it is absolutely impossible to 
venture on an identification of these forms, as the interpretation of species, as 
applied by Verchere, widely differs from that adopted in the present memoir. 

' A. Bi««r, Bnnhiopodea der Alpraen Truu., Abhandlgn. K. K. Oool. ReidwAa.L Wi«. lid. XIV. 
PI. XIX, fig*. 4W0. 

• C ftWr, Krgtbm.M Gaologtaobsn Eipoditim i* 4™ Central Hio.aU,*, Dnkiobr, K.i-u Ak*d. J. 
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T. Section: LINEATI, 



1. Pboductu8 Coba, d'Orbiguy, PL I, fig. 12. 



1878. Praductmt Cora. d'Orhignj, Voyige d»M I'AmeriqDS MendioeeJe, T. III., 4 toe ptie., Pml&nlO' 

logie, p. S6, PI. V, fig*. 8, ». 
186ft. /*. C*ro, DniiMiu Quart. Join. G*oL 8aa., Vol XXII. p. 73. 

1667. P. Cora, Tnotib*. K»»hiBir. the WnUni Hiatal*;* twitb* Afghan Imtiiw Jam. Aeiat. gsc of 
Bengal. V»l. XXXV. Pt. II, pp. 208, 218. 

Two ventral valves referable to this well-known species have been obtained by 
Lydekker from the carboniferous limestone of Bams in Kashmir. One of them 
fa fairly complete and agrees very well with the figures and description of P. Cora 
given by Waagen in his monograph of the Salt Bange Fossils (Pal. Ind., ser. XIII, 
Vol. I, Produetus Limestone Fossils, p. 677, PI. LXV, fig. 3 ; PI. LXVII, figs. 1, 2). 
It is larger than any speoimens from the permo-carboniferous limestone of 
Chitichun, No. I, and nearly equals in size the example figured by Waagen on 
PL LXVII, fig. 2. 

It is considerably broader than long and provided with tolerably large 
asymmetrical wings. The curve of the valve is rather irregular, being somewhat 
flattened in the apical region. The apex is strongly curled inwards. The hinge* 
line corresponds to the greatest breadth of the shell. The trail is not preserved. 

Not the slightest trace of a sinus is exhibited in the specimens, which conse- 
quently must be separated from the gronp of Product ut NeffedieH and placed in 
the group of P. corrugatui, M'Coy. The latter species and P. Cora are very 
closely related to each other. According to Waagen their only difference consist* 
in the general absence of spines on the surface of P. corrugatut. As a few 
irregularly scattered spines are exhibited on the surface of my type specimen, I 
deemed it preferable to identify it with d'Orbigny's species. 

Apart from these few, irregularly scattered spines, the ornamentation 
consists of numerous, delicate, radiating striae, which are descending 
straight across the frontal region of the valve. A few indistinct concentric folds* 
or wrinkles are developed on the wings. 

Neither, the dorsal valve, nor the internal characters are preserved. 

The approximate measurements are as follow :— 



Locality and geological position ; number of $pecimeiu examined. — Barus, 
Kashmir Valley, in a dark blue limestone; Coll. Lydekker; 2. From the same 
locality three or four specimens were obtained by Capt. Godwin-Austen, which 
have been referred to this species by Professor Davidson {tide antea). 



Length of the thell in » •tnigat line 
„ ,. „ ,. along tlit curte . 



IS* nn 

28 „ 
H> 



Breadth of Ui« shell 
Thichno of the Tentnl t.It. 
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Bemarh$.— In identifying these specimens with Frodttctut Cora I am 
taking this species in the circumscription attributed to it chiefly by Russian 
geologists. Further remarks on this subjeot as well as on the geological range of 
P. Cora will be found in the third part of this volume (pp. 16 and 17). 



II. Section : TJNDATI. 
2. Pbodbcttjs ukdatt*, Defrance: PI. I, figs. 9, 10. 

ISM. Prodwrlnu mtvtatui. Drfr»w-. DiMioniuin dea Mwnaw nutor, VtL XLIII, p. 364. 

1843. P. uudetu*, I*- de KofUQCk, DeV-rip'-iou Jes euluieiix {m da terrain OArtxmif. <ie Beltfiqae, p. lfitf, 

PI. IS, fig. 1. 

1841. P. tordlii, M'Coj, Synopeie of tie ebtnctan of tbt wtxm. fnauU of Intend, p. 116, PI. XX. 
««•!*■ 

1846. P. »*Jatu4, E. de VemraiL, O&lofc-is de 1a Ruieie d'Eaiope, YoL IL, Peldoatologie, p. 261, Ft XV, 

ig. 15. 

1847. P. Mndahu, h. it Kooinuk, H«oo|mpbi> dee farm Pniattn* M Clmefee, p. 59, PL V, tg. 8. 

1860. P. iWafw, D»Tidm, M«m«t. •* (Im Swttiafa Oexb. Bnehiopode. p. 11, PI. IV, ft**. 11-17. 

1861. P- uniatut, DwidiOB. Heaogr. Britieb Cubooif. Bnehiopad*, p. 161, PL XXXIV, 6ge. 7-18. 
1874. P. «*Jat*> ff) TotU, K.hUok»lk.a.d Zeebet.lt,. P«e.li™ to. itm Hon,. ao d en d« SUd.ertkflete 

ran Bplubetgm, SitigeVtf. K>». Aked. d. Wwwb. Wi«. n»tb. n*t. CI. Bd., LXX. p. ». 
1678. P. .«4f«<«, Tranteebold. Di* KeJkbriicb. *o» Mateehkowt, p. 65. PL V. fig. & 
1876. P. L. de Konioek, Becberohee e»r Im fotnlet PiUoiciqnee de U Nouvelle Gellee dn Snd, 

p. 180, PL IX, Sg. 4 

1888. P. ef. uujiiti, Staebe, FngmenU eioer •irikuieebeo KehUnlalkfkoju ui dem Gebiete da Wi»l- 
8kb*n, Denkeebe. K»Je Aked. d. Wieeeneeb, Win. oath. dM. CL Bd. 46, p. 404, TWf. VII. SL 

1693. P. *»datw, Better, Obereerfcooieehe Feona too Loping, BJsbtboWe Cbise, Bd., IV, p. 168. 
T»f. XXVI. figi. 18, IS. 

1600. P. eaedtfliie, Fr-ord, Notee nn th* r»Wnfi>'ogT cf TVerUm Auetrelie, Otologic kfegui&e, Loud'jn, 

sew. eer., Deeede. Ill, YeL VII. p. 148, PL VII, fig. 6. 
1882. P. aaoTa'ae, Btbetidge jttn. in Jeek tod B-.ti«idg«, Geolojjj »ud Pala>ootol.-.gj cf (jueonelaod Med 

New-Oaiaoe, p. 254, PI. 18, fig. 16. 
1696. P.Hadatiu, Tetaqtiut, Du fcwilflllireiide tTnv?Tc«.rliua »m o«etIi.-h*D Kmib«r?m»«iiT in d«a 83Ud- 

Vegeees, Tb,, I. Abhendlnngen tor Oeologtecbeo Speeul-Kerte ran Bleaee-Lotbriageft, Bd. V, 

Hft 4, p. 70. Tef. XIV, figi. 0, 11. 

Two oasts of dorsal valves which have been collected by Lydekker in the 
carboniferous rocks near Eishmakam are referable to this characteristic and easily 
recognised species. 

One of them is of an unusually large rise, larger even than Kayser's type- 
specimens from Loping, whereat the second is an average sued example, of 
nearly the same dimensions as L. de Koninck's type specimen from the Belgian 
Calcaire de Vise\ Both of them are broader than long, making however excep- 
tion of the trail, which is very well developed in the larger specimen (fig. 9). 

Valve slightly concave, with a regularly excavated apex and with indistinctly 
denned aurioulato expansions. No trace of a median fold is developed. The 
hinge-line is shorter than the greatest width of the shell. 

The ornamentation is very characteristic and agrees in every respect with the 
figures and descriptions given by L. de Koninok and Davidson of the sculpture in 
their European type-specimens. The Burfaoe is oovered by very numerous and 
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delicate radiating striae, which are not continuous hut interrupted by an equally 
delicato, concentric sculpture. The number of these radiating thread-like stria; is 
augmented by intercalation. The moBt prominent feature in the ornamentation of 
the shell is, however, the numerous ooncentric lamellae or wrinkles of growth, which 
sharply imbricate and occur at irregular distances, but all over the surface 
of the valve, imparting to the latter a terrace-shaped appearance. The 
steeper, occasionally perpendicular slope of these undulating lamella: is directed 
towards the apex. Only very few lamella; can be traced across tho entire valve. 
As a rule, either two separate wrinkles unite during their passage or are absorbed, 
whilst a new one is rising at some distance. In the trail this concentric, crumpled- 
like sculpture is but very indistinctly developed. In my two specimens it is alto- 
gether less strongly marked than in the Chinese specimens from Loping described 
by Professor Kaysor. 

No traces of spines or tubercles have been discovered. 

On account of the variability of the outline of my larger type-specimen with 
its partially preserved trail, it appears barely practicable to give exact measure- 
ments. The drawing (fig. 0) will however give a sufficiently clear idea of its 
dimensions and features. The second specimen is not complete. Nevertheless the 
indication of its length, breadth and thickness may perhaps be of interest. 

The measurements are as follow :— 

Length of tbo dvtml t»Iy« oe». SS mm. 

fcremltu ,.„.,» SS „ 

Depth f * *■ •* ' t. * • * • • « * . 

Length of lb* bingo-line •«•. 28 „ 

Locality and geological potil ion ; number of specimen* fxanumrf.— Dark blue 
limestone with Fene$tell», North of Eishmakam, Kashmir Valley; Coll. Lydekker; 2. 

Remark*. — Productut undatut is a comparatively rsre but widespread species, 
both in lower and upper carboniferous rocks of the Eastern hemisphere. In 
Europe it is known from Belgium, where it occurs chiefly in tho Calcairc 
de Vis6, from Great Britain, from Central France, from Alsatia and from Russia, 
where it occurs in the Moscovian stage of Miatchkowa. It has been described by 
Stacho from the lower carboniferous bods of the Western Sahara, by Kayscr from 
tho upper carboniferous deposits of Loping in China, by L. de Koninck from & 
carboniferous sandstone near the Paterson River in New South Wales, by Etheridgc 
jun. from the Gympie beds of Queensland. Toula quotes the species as doubtful 
from the permo-carboniferous rocks of the liornsund in Spitzbergon. 

A. H. Foord figures a Productut from tho carboniferous rocks of the Irwin 
river (Victoria district of Western Australia) whioh he considers to be identical 
with P. undatui. I am however not convinced of the absolute identity of the two 
forms. The Australian specimen differs from the typical shape of P. undaiu*, as it 
is described by L. de Koninck, by the larger number of its spines and reminds very 
strongly of P, cattcriniformia, Tschcrnyschew (Mem. du Ooniite Geo!, de la Russie, 
VoL III, No. 4, St. Pet*rsbourg, 18S9, p. 373, PI. VII, figs. 32, 33). This spinuse 
variety of P. undatui can barely be distinguished from P. caiicriniformis, if one 
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has to deal with ventral valves only, the chief difference consisting in the shape 
of the dorsal valve, which is regularly concave in P. undatut, but distinctly 
geniculate in Tschernyschew's species. 

The fragment from Djulfa in Armenia, considered first as identical with 
P. undalui by Abioh (QeologUohe Forschungen in den Kaukasischen Ltcndern 
I. Theil, Eine Bergkalk-Fauna aus der Araxes-Engc boi Djoulfa, p. 31, Taf. V, 
fig. 10), but referred later to the permian Products hemitpharium, Kutorga, both 
by Abich himself and by Val. von Mooller, has certainly nothing to do with the 
carboniferous species. 

III. Section : 8EMIRETICULATL 
3. Proddctcs seu ikeiiculatus, Martin. PI. I, fig. 14; PI. II, fig. 10. 

1808. Jiomttes **irrt*.Ut~, M.rtin. P.bificU D.rbini», PJ. XXIII, Sg.. 1,1; PI. XXXIII. &*. 4 
186S. Pndnetu. mMMnfu, D*Tidwo, Qo»rt. Jwra. Owl. Sue.. Loudon. Vol. XXII, p. 8«, PI. t 

i«. 6, p. 43, PI. II. fig. 18. 
1807. P'od. MmirtticutMtu,, Tmlta, J.ura. A.iUio Boo. of Bengal. Vol. XXXV, Pt. 8, pp. SOI, 218. 

For a more complete list of synonyms tide my monograph on the permo-car» 
bonifcrous fauna of Chitiohun No. I (Pt. 3 of this volume). To these synonyms 
the following ought to be added :— 

1843. P. Mmireiictlaimr, Dwidan, On thu lower arboniforoiii btochiopoda of Nora Suti*. Qiwit. inn. 

Owl. Soo„ Vol. XIX, p. 1J4, PL IX, igt. TO. 31. 
189*. P.umir*ie»l*t*t, Jnli«o, L» terrain corbotiifiw uncin d* U Pnne* Contralo, p. 65, PL I, figi. 1-t, 13, 

PL VII, fig.. *.8. PL XI. Sr. 8, PL X II, fig. 8. 
Ifpe P. uwtintitulatnt, Stoliezkt. Htm. GcoL 8«r. of India. Vol. V. Ft. I, (1865) p. J8, M« I^lokkor, 

ibid. Vol. XXII, PL II, fig. 1. 

This well-known and far-spread species is not at all rare in the carboniferous 
rocks of Kashmir, but most of the specimens are in a rather inferior state of pre- 
servation. A small number of specimens is however sufficiently oomplete for 
identification. 

Most of the specimens are of considerable size, some of them reaching 
90 mm. in width. The ventral valves, whioh as a rule are entirely crushed 
or show no shelly substance, are provided with a distinctly developed sinus, 
which in some specimens is quite as deeply indented as in the Cariothian 
variety, described as P. semireticulalut var. bathykolpos by Sobellwien (Palasonto- 
graphioa, Bd. 39, 1892, p. 22). Curiously enough, dorsal valves of this species are 
generally imuh better preserved than the ventral ones. A tolerably complete 
specimen of a dorsal valve of P. lemire t to ulatut from Barus is represented on PI. I, 
fig. 14. This specimen is provided with a long hinge-line, distinctly developed 
wings, and with a shallow median fold, becoming moro prominent in the vicinity 
of the front only. The flat proximal portion, whioh is covered by the characteristic 
retioulate sculpture, meets the frontal portion at a right angle. 

In one of the specimens (PI. II, fig. 10) the internal structure of the ventral 
valve is clearly exhibited. In the deep valley between the coarsely striated 
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divaricator muscular scars the phylloid petal-shaped adductor, or ooolusor impres- 
sions are situated. The proximal portion of tho cast is separated from the hinge 
margin by deep furrows. The apex is smooth, crossed only by a low, distinctly pro- 
duced ridge. The internal surface of the shell is covered by numerous coarse granu- 
lations. 

The measurements of this oast are as follow : — 

Length of th« »h»U in a straight I in. CO nun. 

thn cdtt* 83 „ 

Brmdth of tb* shell oea. 60 „ 

Thkknees of tha Tantral v»It« 80 ,. 

Locality and geological portion ; number of specimen* examined.— Shaly lime- 
stone with Fenettella, Barus, Kashmir Valley; Coll. Godwin-Austen ; 6; dark blue 
limestone with Fenestella, N. of Khuramu, near Pampur ; Coll. Lydekker ; 5 (includ- 
ing the two figured type-specimens) ; Tangar, N.W. of Avantipur ; Coll. Lydekkcr ; 1. 

The specimens described by Davidson were obtained from Barus and from 
Loodoo, W. of Wasterwan. 

Remarks— Tho fossils from Kashmir and Spiti whioh have been quoted as 
Product its semireticulatut by Stoliczka and Lydekker are different from Martin's 
species and must be classed among the subgenus Marginifera, They will be de- 
scribed hereafter as Marg. himalayentit. 

4. Pboductob cf. lonoispdtcb, Sowerby. PI. I, fig. 11. 

1814. ProoWw l^Upimv, ftnrrrVy. Mineral CooduJ., Vol I, p. Hi, PL LXVI1I, fig. 1. 

1814. P. ?7e"'" , J , > Sowerbj, ibidem, fig. 8. 

1814. P. rpinan'> Sowertij, ibid. PI. LXIX, fig- *. 

1823. P. lobatut, 8cwby, ibid. Vol. IT p. 16, Pi. 818, fig*. 2-6. 

1S36. P. tttota, Phillips, Gaologj of Yorkahira, Vol. II. PI. VIII, fig*. S, IT. 

1841. P. total**. L. ton Booh, Abhnndlgn. KdnigL Aked. d. Wbwn»h. Berlin. I. Tk. p. 3J, PI. II, fig. 17. 
184». P. UMjitpinmt, L da Krmbek, Wear, i- tnlmaiu foeaOee da Twain carbon, do Belg^ne, p. 187, 

PI. Xn. fig. 11. PI. XII, Ke.fig.S. 
1844. P. fetaf ». B. do Vemeuil. G<fologie de la Riuwa d'Barope. VoL II. PaMontologi*, p. J66, PL XVI, 

fig. 8. PI. XVIII. fig. 8. 

1840. P. luidri.e (f) Graf Kojeerliog. Beiae in da. Peteoboralsed. p. 808, PI. IV, fig. S. 

1647. P Fttmivii. h. de Koainok, Monograph., dca g»r« JW«te at aeaefee, p. 85, PL X, fig*. 
8.8. 

18*1. P. Flcainfii, Gru*ii«wetdl. Beitrege w Krontni- dm Mdjmrnt&ren Grbirgeforaetiooeo etc., 
Mem. do rnend. impir. dee ri«K» de St. Petersburg eer. VII. T. II. p. 183, T»f. III. 
fig. 4. 

1841. P. Imjitfiun; Daaideon, Monograph British Carbon. Brachiopode, p. 164, PI. XXV, figs. S— 17. 

1866. P. Orbiguyaniu, Geioitt, Oerboeforaialion and Dvni in Nebraska, p. Ss, T*f. IV, fig*. 8—11. 

1867. P. lob at* J car. paacieorrafitf, Treated bold, BalL see. imper. dee aalar. de Moaeou, T. XI . p. 87. Tef. 

V, fig. 3. 

1870. P. lomgitpituu, Bcetner, Oeologis m Obereehlreiam, p. 89, Taf. VIII, fig. S. 

1878. P. Umgupi*mt T M«ek, in Meek »nd Hoyden, Finn! Retort of the U. 8. GcotngieiJ Sotttj of Nebre- 

■ka. p. 181. PI. VIII fig. 6 (eon PI. VI, fig. 7). 
1878. P. Pltminfii, L. de Keninek, Banegnphie do foaiilee earboaifens do Bleiberg, p. 84, PL I. 

fig. 14. 

1874. P. lou/itpintu (f) Toala, Koblenkalk and Zeebetein Fossil lea sue dsn) HoriMand an der Sodweet 
Sii.1. «m Spiubcgen, SrUgabar. Kai.. Akad. d. Wise. Wiro. LXX. Bd. n.atl.. net. CI. L Abth. p. 
10, fig. 7. 
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VflS. P. Ingupiuut, TraatesHold, Di» Ktlkbrikeh* too MiaUcbkom, p. 67. Ttl. I, if- 4. 
1S76. P. liuifti, TKutntiold, ibid. p. 61, Taf V, fig. 5. 

1890. (f) P. limpUpinw, RDemer, Cb« *i>* Koblenkalk Fanna del WeakAiU von 8omWm, PaliMKitogm- 
phio. XXVII. Bd. p 5. 

1S8J. 1*. longUpiiuH. Kajwr, ObtrearboniKh* Fuu too Loping, RiobtWm'i China, Bd. IT, p. 183, ThJ. 
XXVII, lig. l,no«9-i. 

188a i>. to*>i,pimu,, Hikitin, Mem. Com. Gfol de U Bowie, VoL V, Ho. 5, p. 16!>. PL 1, fie«- 7-19. 
IMS. P. l<m 9 i.pi..., Bob»ll»im, Di* Paooa d« Karouofam Fa»ti>i«lkalk>, Pa]«mU*r«pllioa, Bd. 89, 
p. 14, Taf. Ill, fl«. 4-6, T»f. VIII, fig. 20. 

The only specimen referable to this species consists of an incomplete ventral 
valve, which, however, agrees in every respect so pcrfeotly with some British 
specimens from Yorkshire that I do not hesitate to identify it with the latter. 

In my specimen the apical region is partly broken, but the rest corresponds 
exactly with Davidson's type-specimen from Yorkshire, figured on PI. XXXV, fig. 
7, of bis monograph. The shell is slightly transverse, a little wider than long, 
evenly convex in a longitudinal direction, but in the transverse direction divided 
by a broad sinus, which flattens gradually towards the front. The lateral parts 
appear strongly depressed and descend in a very steep curve to the margin. The 
small auricular expansions are slightly curled. 

There is not the least trace of any marginal ridge, which forms the distinguish- 
ing character of Waagen's subgenus Marginifera, This specimen certainly cannot 
therefore belong to the latter, the shell margin having been broken off in such a 
manner that the absence of a prominent shelly ridge within the wings warrants its 
separation from Marginifera. Having a large number of true Maryiniferx from 
Chitichun No. I and from Kashmir at hand for comparison, I am fully couvinoed 
that this specimen belongs to the genus Producing, «. t. 

The surface of the ventral valve is covered by numerous rounded longitudinal 
ribs which are of about equal width fur their entire length and slightly con- 
verge towards the mesial sinus. This radiating sculpture is crossed by delicate 
concentric ribs in the visceral and apical portions. Some of the longitudinal ribs 
are dichotomous. Two points of attachment of brokon-off spines may be observed 
in the vicinity of the mesial sinus. 

Exact measurements of this specimen can barely be given on account of its 
incomplete state of preservation. 

Locality and geological potition ; number of tpeciment examined. — Dark blue 
limestone with Fetiettella, Barns, Kashmir; Coll. Lydekker; 1. 

Memark$. — It strongly resembles the delicately ribbed variety of Prod net at 
gratweut, Waagen. This is also too case with the Yorkshire specimen* of P. 
longispmtu, as has already been remarked by Rothpletz (Palaentograpbiea.Bd. 39, 
181)2, p. 76*). This strong resemblance even induced L. de Koninck (Monogr. 
des foas. carb, de Bloiberij, p. 85) to class a typical representative of P. gratiotm, 
P. eemiretioulatus, Beyrich, from Timor (Abhandl. Koenigl. Akad. d. Wias, Berlin, 
1866, Taf. II, fig. I) among the synonyms of P. tonyisiAHtu. The differences, 
enumerated by Rothpletz, especially the more delicate ornamentation in the apical 
region and the less strongly developed wing in Sowerby's species appear however 
sufficient for a distinction of the two forms. 

m I 
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Davidson (Quart. Joara. Geol. 8oc., Vol. XXII, p. 43) quotes Produetut longi- 
tpinut (?) from the grey limestone of Khoonmoo. It is however impossible to say 
whether he really had a true P. longitpinut at hand, or rather a species of the 
subgenus Margins/era. He asserts that his specimen from Kashmir is iden- 
tical with some specimens found in the Punjab. But the majority of the Punjab 
specimens considered as identical with 8oworby's species have been proved by 
Waagen to belong to Marginyfera (especially to M. typica), although the true 
P. longitpinut is certainly not altogether absent in tho 8alt Range. 

Product u* longitpinut is a wide-spread species of a considerable horizontal and 
vertical range. It occurs in strata of lower and upper carboniferous age in 
Western Europe, in the Moscovian and Osholian stage of Russia, in the upper car- 
boniferous rocks of Loping and Sumatra (?) and in the Productus limestone of 
the 8alt Range. Its occurrence in tho coal-meaBures of North America is not yet 
beyond every doubt. The specimen considered as identical with P. longitpinut 
by Meek and with P. Orbignyanut by Geinitz, is the only one which resembles 
some of Sowerby's types so very closely that their identity iB probable. The case 
is different with the specimen figured by Meek on PI. VI, fig. 7, of tho final 
report on the Palaeontology of Nebraska, which differs from P. hngitpinus by 
having an almost smooth shell. P. longitpinut, Meek (Report of the geological ex- 
ploration of the 40th parallel, Vol. IV, Palmont., p. 78, PI. VIII, rig. 4) from 
Nevada is more gibbous and provided with larger costae than the true P. longitpinut 
from tho British and Belgian mountain-limestone. P. splendent, Norwood and 
Prat ten (Journ. Acad, of nat. sciences of Philadelphia, 2nd ser., Vol. Ill, p. 11, 
PI. I, fig. 5), and P. fFabathenm, Norw. and Pratt, (ibid. p. 18, PI. I, fig. 6) 
must according to Waagen be classed among the subgenus Marginifera although 
the latter species is considered to be directly identical with P. longitpinut by Meek, 
who insists that the figures given by the two above-mentioned authors are quite 
defective and misleading. Produetut tcitulut, Meek and Worthen (Geological 
Survey of Illinois, 1S66, Vol. II, Palaxmt., p. *80, PI. XX, fig. 5) and P. parent, 
Meek and Worthen (ibidem, p. 297, PI. XXIII, fig. 4), which have been placed 
among the synonyms of P. longitpinut by L. do Koninck (Fossiles carboniferes 
de Bleiberg, p. 25), ought to be maintained as proper species, especially P. 
tcitulut, which is distinguished by its very delicate ornamentation. A similar 
remark applies to P. capacU, d'Orbigny (Voyage dans I'Amcrique M6ridionale, 
T. Ill, 4 ome ptie., Paleontologie, PI. Ill, figs. 24—26) from Tarbichambi in 
South America. P. longitpinua, White (Report upon the U. 8. geograph. surv., 
West of tho 100th Meridian, Vol IV, Paleontology, 1877, Pt. II, p. 118, PL VIII, 
rig. 6) from Santa V6 (New Mexico) is probably a representative of Waagen's sub- 
genus Margitt\fera t judging at least from the figure given by Prof. White. 

Nor am I convinced of the identity of P. longitpinut with the species described 
by Toula from the Hornsund in Spitzl ergen ; Toula's description, it is true, agrees 
very well with his identification of the two forms, but the figure does not 
strengthen this view. In this figure the concentric ornamentation is represented 
as quite indistinct in the apical portion of the ventral valve, whereas it continues 
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all over its visceral part in the shape of broad stripes, thus differing considerably 
from the delicate reticulation which is so conspicuous in Davidson's type specimens. 

The specimen from the Nordfjord of Spitzhergen described as P. longitpinut 
var. $etota by Toula (Permocarbon Fossilicn von der Westkueste von Spitsbergen, 
Neues Jahrb. f. Mineral 1875, p. 252, Taf. VIII, fig. 4) must, according to my 
bumble opinion, be kept separate from the British species on account of its consi- 
derably less numerous and coarse ribs. Thus the presence of P. longitputtu in 
the permo-carboniferous deposits of Spitsbergen has not yet been established with 
certainty. 

Both L. de Eoninck (Reobercbes 8ur les fossiles paleosoiques de la Nouvelle 
Galles du Sud, p. 191, PI. XI, fig. 3) and R. Etheridge (Quart. Journ. GeoL 8oc, 
1*72, Yol. XXVTII, p. 333, PL 16, fig. 0) mention the occurrence of P. longupinut 
in carboniferous beds of Australia. I think however that L. de Koninck's 
specimen from New South Wales can only be identified with Sowerby's species, if 
such wide interpretation of the latter is permitted. The specimen from tne Don 
River in Queensland is a rather indifferently preserved cast of a dorsal valve. Its 
identification with P. longitpiw has been questioned by Etheridge, jun, 
(Geology and Paleontology of Queensland and New Guinea, p. 255). 

IV. 8kotion: SPIN08I. 
6. Pbodtjotcs Cf . scabrioulus, Martin. PI. II, figs. 8, 9. 

1809. AnomUf lt*tric*lut, Mutlu. Petrifiate DeibientU, p. 8, PI. XXXVI, fig. 6. 
im. Product*, watrirafe, Phillip*, Beologj of Yorkshire, Vol. II, PL VIII. Sg. 8. 
1886. P. fnmcia/u. Phillips, ibidem, PL VIII, fig. & 

IMS. P. Mo<rir«iw, L. de Kootock, Dwcriptioa d« mimm Um\U» do tarrun »iW do Belgia^e, p. 190. 
PI. XI, Sg. 3. 

18*6. P. ««4,wW.«, K. d. Verwoil, Grfologw d. U Bam. d'Bwope, V«L II. PaMootoJog-, p. 871, 

It XVI. fig. e. PL XVIII. Sg. 6. 
1847. P. M*irMu.. Ui« Koui.tk. Mooognphi. in g*im» Protons *CU*tU., p. 111. PL XI, 

fig. «. 

1803. P. ««Ar«.f«, D»»id»n. Mocogr. Briti.h C»rb, Bnchiepod*. p. 189, PL XUI, fig.. 6* 
1868. P. miruMtm,, Dmfidwn, QMrt. Jour.. Qeol. Soc* Laodoo. VoL XXII. p. i8. PL II. fig. IS. 
1878. mtrinUnt, L. it Kofiiuck, Monognphi. dw Couit*. arbonifere. de blnktrg, p. 87, 1*1. 1, 
fig. 16. 

1876. P. rabriewiu,, Treatoeboid, Di« K.ikbrwob. too llatMbkowt, p. SB, 1»f. VI, fig. 1. 
1876. P. wMnJn (?), h. it Kooiuek. BeobnobM tar im (ou. pMotoiaut. d» U Hoar.U. OtIU da 8*i.. 
p. 196. 

1880. P. Ktbritulut, Tath«ra7*eh*«, Mem. Cool G»ol. St. P<Ur»bo«rg. Vol. It I, No. 4, p. 871, IM. VI. 

fig. ia. 

This species is probably represented by tiro specimens. One of them is a ven- 
tral valve, whereas tbe second, smaller one represents a dorsal valve. Neither of 
them is sufficiently well preserved to permit identification. 

Tbe ventral valve (fig. 8) is medium sized, and in its dimensions and general 
shape agrees pretty well with Davidson's type-specimen of P. tcobriculut var, 
qtiincMKtali*, Phill., from Yorkshire (PI. XUI, fig. 6). Much wider than long, 
tolerably inflated, provided with a binge-line, which is inferior in length to the 
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greatest width of the ihell, and with abroad, but not deeply excavated mesial sinus 
The auriculated expansions are small and pointed. 

Although this specimen is much crushed and its surface weathered, its orna- 
mentation is still partially visible. It consists of numerous, radiating ribs, swelling 
out at short intervals into elongated, protraot. d tubercles, which exhibit an indis- 
tinctly quincuncial arrangement. Both the longitudinal ribs and the numerous 
tubercles covering them appear to he rather more delicate than in the majority 
of the British and Russian types of P. scobriculus, but in this respect agree well 
with the ornamentation exhibited by Davidson's specimens from Kashmir. 

Traces of concentric wrinkles are very indistinctly marked. 

The dorsal valve (fig. 9) is also much wider than long, slightly concave, 
provided with a short binge-line and with a low median elevation, corresponding 
to the sinus in the opposite valve. Its surface is covered by numerous, elongated, 
radiating grooves, which, like the tubercles in the ventral valve, are arranged 
in a sort of irregular quiucunx. This radial ornamentation is crossed by a couccntrio 
sculpture, which is most distinctly marked in the apical region and on the wings. 

The measurements of the larger specimen (fig. 8) are as follow : — 



Locality and geological position ; number of specimen* examined. — Dark lime* 
stone with mica, Barus, Kashmir Valley ; Coll. Lydekkcr; 2. The specimens icferred 
to this species by Prof. Davidson were found at Barus and Khoonmoo. 

Remarks. — On the whole the determination of the present specimens as 
Productw scabriculu* cannot lie far wrong and accords with the description of 
Prof. Davidson's specimen. P. scabriculu* is a widespread species, which ranges from 
lower carboniferous iuto periuo-carhoniferous strata, hut seems to be most com- 
mon in beds of middle ar.d upp<»r carboniferous age. In Europe it has been 
found in the mountain-limestone of Great Britain and Belgium and in the lower 
carboniferous NoetscherSchichten of Bleiberg in Carinthia. In Kussia it was found 
in the different stages of the carboniferous system and in the Artinskian strata 
of the Ural. L. dc Koninck mentions the species from the carboniferous beds of 
New 8outh Wains, but without giving any figure. Among the fossils collected by 
Drasche near the Nordfjord of Spitzbergen and described by Touls, there is a 
specimen of Productus which has been identified as P. tf. scabrimlus (Permo- 
Cnrbon-Fossilien von der Westkueste von Spitzbergen, Neues Jahrb. f. Mineral., 
1875, p. 252, Taf. VIII, fig. 6). This identification seems to me extremely doubt- 
iul, judging by the figure, which represents a Productus distinguished by the 
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The measurements of my second specimon (fig. 9) are as follow :— 
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presence of very coarse, irregular and mostly dichotomous ribs, and by the rarity 
of tubercles. 

Some American shells, as Productus aaperut, M'Chcsnoy (Description of i«cw 
species of fossils from the palaeozoic rocks of the Western States, 1868, p. 34, PI. I, 
fig. 7), P. Ifilberanu; M'Cliesaey (ibidem, p. 36, PI. I, fig. b), P. Bogenii, 
Norwood and Pratten ( Journ. Acad, of Natural Sciences, Philadelphia, Vol. Ill, 
1864, p. 9, PI. I, fig. 3), P. lymmetrkut, Meek (Final lteport of the V. 8. Qeol. 
Surr. of Nebraska, p. 167, PI. V, fig. 6), P. Xebrascemi*, Owen (ibid., p. 1*55, PI. II, 
fig. 2; PI. IV, fig. 6; PI. V, fig. 11), have been classed among the synonyms of the 
British species by L. de Koninck and looked upon as local varieties only. Leaving 
the question undecided whether these forms should be regarded as distinct 
species, which I consider preferable, or merely as variations of P, ecabriculut, 
still the fact remains that tho typical P. scabriculu* is certainly absent in the 
coal-measures of North-America. The speoimen from Pecos Village described 
and figured by Maroou (Geology of N. America, Zurich, 1858, p. 47, PI. V, fig. t) 
is certainly different from Martin's species. The samo remark applies to P. tcabH- 
eulua, Abich (Geologische Forscbungen in den Kaukasischen Liiudern, I, Theil, 
Eine Bergkalk Fauna aus der Araxes-Euge hci Djoulfa, p. 33, Taf. V, fig. 3), 
which this author himself has excluded from the synonyms of the true P. toabri- 
cuius in his additional remarks and which has been made the prototype of 
another species, P. Jbichi, by Waagen. 

6. Pboductus cp. spixulomjs, Sowerby. PI. II, fig. 12. 

1814. PnJuttmt »j>tWww, &Wert>r, Mineral Concb., PI LXYIII, fig*. 5, «. 
183S. P. fmulna, PblMp., Otology ot Ycrkuhir*, PL VII, fig. 14. 

1643. P. damn, L. dc Koninck, (»»• d* Veroeuil). Woriplion da tnimwu f«uu da Urmia otrbOBtfke 

de Bclpqu*, PI. IX, fig. 3. 
1843. P. papilla**: L. d. Koabcfc. ibid**, PL X, fig. «, p. 801. 

18*7. P. *«««/««.. Ud.Ko.iQck. HoMgnpli. dot gnttt Product*. ,t Clwte, p. 184, PL XVI, 

186S. P. >pit*l>t»$. D»vid«oo. MoMgr. BrllUb Carb. Bnehmpod*, p. IfS, PL XXXIV, fig*. 18-81. 
I860. P. $pi*uU«u, t OsridMw. Qo.it. Joarn 0*ol. Boo, London, Vol. XXII, PI. II, fit:. 15. 

1888. P. granrnhnu, Krotow, Geologl«h« Foraehungmi *n Wmtliehra Ur«lAbb»og« ia d«a Goblrfcra tod 

Tnberdfn and Swlikumk. Mon. Com. Qiol 31. Plttnbourg, Vol VI, p. 408, T»f. I, fign. 14, U. 

1889. P. ipiuuUimt, IWhttujubgir, M«s>. Com. Ufa]. St. P<tenbo«rg, Vol. II I, No. 4, p. 881. 

Among the oarbonifcrous fossils obtained by Captain Godwin- Austen at BaruB 
there is a single ventral valve, bearing much resemblance to this species. It is 
however too imperfectly preserved to permit of a decided identification. 

The shell is small, transversely semicircular and regularly curved in both 
directions. Hinge-line shorter than the greatest width of the shell. The beak ia 
uot very involute and scarcely overhangs the hinge-margin. Ears very small. 
There is no indication of a distinct sinus, only a flat depression in the middle part 
of the front. 

The ornamentation is indifferently preserved and can only be made out in 
the vicinity of the lateral and frontal margins . It seems to consist exclusively 
of small but numerous, subregular tubercles, without any regular quincuncial 
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arrangement, as in tbe variety, to which the term " granulosus " was originally 
applied. 

Neither longitudinal ribs nor concentric strive can be made out, but the 
specimen is too much weathered to state this with any degree of certainty. 

In general shape and sculpture the specimen seems to agree better with P. 
spinulosus than with any other form of this genus. It also strongly resembles 
P. opuntia, Waagen (Salt Range Fossils, Pal. Ind., Ser. XIII, Vol. I, Prod. Limest. 
Foss., p. 707, PI. LXXIX, figs. 1, 2) from tbe Cephalopoda (Jabi) beds of the 
upper division of the Productus Limestone, but I should not like to identify it 
with this species, which, according to Waagen's description, is always provided 
with a very strongly elevated median and apical part of the ventral valve. In 
this character, however, my specimen does not agree with the Indian shell. Pro- 
ductus Wallacianus, Derby (Bull, of the Cornell University, Ithaca, 1874, Vol. I, 
No. 2, p. 57, PI. Ill, flgs. 46 — 48, PI. VI, fig. 5) from the coal-measures of Itaituba 
may also be compared with our specimen. Taking into consideration Derby's 
statement that P. Wallaciantu chiefly differs from P. spinulosus by the absence of 
conoentric wrinkles on the ears, this Brazilian species may perhaps bo very closely 
related to our Productus from Kashmir, but the figures given by Derby are too bad 
to allow of a closer comparison. 

The measurements of my specimen are as follow : — 

Longth of the tMl in * •Inight tin* . 

». vl ,i M along th« odtto • 
Gr»t»tWdtboftb€t).oU .... 

L<ii*tti of ton hingo-lin 

ThicVn**. of the T«itr»l nin .... 
DiaUne* ol tU *pci from the front.) nmrgio . 

The proportion between tbe lost dimension and the entire length of the shell 
most dearly shows tbe difference between this specimen and Waagen's P. opuntia, 
in which the apical region is always highly elevated above tbe proper beak. The 
measurements of my specimen agree almost exactly with those of Sowerhy's 
type-specimen of P. spinulosus, as figured in Davidson's monograph (PI. XXXIV, 
fig 18). 

Locality and geological position; number of specimens examined. — Coarse 
grey, semi-crystalline limestone, Barns, Kashmir Valley ; Coll. Godwin-Austen ; 1. 
Two specimens referred with some doubt to P. spinulosus by Davidson were 
obtained from Khoonmoo. 

Remarks.— Productus spinulosus has been quoted from the mountain lime* 
stone of Great Britain and Belgium by Davidson and L de Koninck, from the upper- 
carboniferous rocks of the Ural Mountains by Krotow and from the Artinskian 
stage by Tschernyschew. Tbe specimens considered as identical with P. sptnulc 
sus by Abich (Geologische Forschungen in den Kauka&ischen Laendern, I. Theil, 
Eine Bergkalk Fauna aus der Araxes-Enge bei Djulfa, p. 51, Taf. V, fig. 9, 
Taf. IX, fig. 22) have been referred to P. horridus by Val. von Moeller. 
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V. Sbotiom : FIMBRIATL 
7. Productus Abiohi, Waagen. PI. I, fig. 8. 

1883. Project hi HumbsUli, Ljdokliw, Goolcgy of tbo Koohmir uj Cbuab* territorioo. M«ooi/t Gool Snrr 

of India, Vol. XXIL PL U. ftg. 3. 

1884. F. ^'«i<, Woooon, 8«H Sup Fowili, PoIbooL Iodic, 8«r. XIII, Vol. I. Prod L.m«t. Fmi 

p. 687. PL LXXIV. Sgi. 1-17. 
For » coupleto lirt of ■jwiojto 1 refer the reader 10 my memoir oa (bo p»mo-<arlK)iiiIiiroat huoo of Cbiti- 
ohu Ko.l.(Pt. Ill of IhioToL). 

Of this beautifully sculptured Prodvctuava excellently preserved ventral Talve 
has been figured by Lydekker and considered identical with P. JBumboldti, 
d'Orbigny. But it* coarse sculpture and its less numerous, elongated tubercles 
which are mostly arranged in a rather regular quincunx, distinguish the present 
specimen from the true P. Ilumioldti. In general shape this specimen l>ears 
much resemblance to my type specimen of Prod. Abichi from the permo-carboni- 
ferous limestone of Chitichun No. I. (Pt. Ill of this volume, Pi. Ill, fig. 8), 
especially as regards the attenuated character of its apical region. It is however 
less inflated and provided with a very shallow median Binus only. In this respect 
it agrees best with the example figured by Waagen on PI. LXXIX, fig. 4, of his 
monograph. The hinge-line is considerably shorter than the greatest breadth of the 
shell. 

The ornamentation is exactly the same as in Waagen's type-specimen 
from the upper Productus limestone. The coarse, elongated, quincunciaily 
arranged tubercles are crossed by concentric, delicate lines of growth. A narrow 
zone of roundish pustules is restricted to the immediate vicinity of the lateral 
and front margins only. 

The measurements of this specimen are as follow : — 



Length of tho ehell ia a straight lino 28 S mm. 

, along tbo on ire . 33 

GfMtmt breadth of the obeli 38 6 „ 

Thicltiiew of tbo fenliml rolve 8 „ 

Length of the binge-lino SO „ 



The small size of this specimen makes its distinction from the closely allied 
P. gangelicus, Diener (Ft. IV of this volume, PI. I, figs. 1—3, PI. II, fig. 3), 
one of the leading speoies of the permian Productus shales of Painkhanda, an 
easy matter. 

Locality and geological potUion; number of specimens examined.—Bhck lime- 
stone, summit of ridge N.E. of Prongam Tral, Kashmir; Coll. Lydekker; 1. 

Remarkt.—Productua Abichi isono of the most characteristic fossils of pcrmo- 
carboniferous and permian rocks in Armenia, India and Timor. It has as yet 
never been found in beds of an older than permo-carboniferous age. At the local- 
ity, where it has been obtained by Lydekker, it is associated with Margittifern 
hitnalayentit, Diener, Strophomena analoga, Phill., and Chonetei grandicotta, 
Waagen. 

The specimen from Khoouinoo, which has been referred to P. Bumboldti 



84 HIMALAYAN F08SIL8. 

by Davidson (Quart. Journ. Geol. Soc, Vol. XXII, 18C6, p. 43, PI. II, fig. 14), does 
not permit an exact determination, on account of its fragmentary condition. But 
it seems at all events to be specifically different from P. Jbichi. 

8. Pkoductcs PF8TTTLOSUB, Phillips. PI. I, fig. 13. 

Prorf«rfw niu««io«. Phillip*. Gwlocy of Yortthiw, Vol. II. p. PI- TIL «f - W- 
P. omlu, PUWpi, ibidwi, p. 818, PL VIII. fig. 14. 

P. puattaiuM, L. dt Kouiiick (»«■ Mtrtiii}, IWteriplioa in uimaai tot*, in terrain 8*rW. d» 
Itlgiqu*. p. l»fl. PI. IS, fig. 0, PL XII, *•» fig. 8. 
1847. P. jmmtVwm, L. dr KuoiDok. »loeogr»rJii* de> gvam PfW.rfu *« Cio«*f«, p. US, Pt X". «g- *, 

PL XIII, fig. 1. PL I VI, £«». 8-9. 
1803. P. r*s<*I;«., D»vid»n. Uwogr. BrKkb Oath, W»pod*. p. 168, PL III, fig*. l-«. PL XXU, 
fig>. 1— 4. 

1863. P. puttxleiut, Roomer, ZeiUchr. d. Deutacli. Goal. Gk p. 89), T»f. XVI, fig. 8. 

1870. P. ptufifletiw, Bommt, Gooli-gi* vwi Obanchl«i«B, p. 80, Tat". VIII, fig. 1. 

1878. P.^i«Mo<i«,L.d.Kaniiii!k,Mone«raphif detfooiilw carb-.nifirot d* UleibMg on Carlnthi*. p. 

Ther*f«rwwe to PL I, fig. 81 i» emmeou*, no &gur» el thif b»i»g actually glna in 

L. d« Koninrk'a mraiuir. 

1883. P. puttulonu twr. palliata, Kajwr. Obrrrmrbooiieoo Pnana »on Loping, ttebttofea'a "Chin*." 

Vol. IV, p. 188, T»f .XXVII, fig.. 8—18. 
1888. P.»/. purttlonu <?). Kioto*, Goologiaebe ForachangMi am WwtlicW Crel-AbLar ga. rta., Mora. 

Com. Gtfol. St. PdUrrtwcrg, Vol. VI. p. 406. 
1896. P. p«rf./ 0 «., Tofnqai.t, Dm fcilfohmida Uotmarbon «n wtliohen Ro»b»rrMai.i» to d* 

gedrogown, Abh«il. G»L Bp* Karl. ,on BU»-LotbTing,«, lid. V. He.. 4, P . 7S. Tat 

XIV fig. 3. 

ISfle. P.^.J.W, Jolien, L. torrKo mrloniftr* n axin ir U Praaoa Cwittaln, p. 87, PL VII, figa, 1 S_ 
Pi. IS, fig. 1 , PI. X, fig. X PL XII, fig. 7, PL XIII, fin» 

A very well preserved cast of a dorsal valve exhibits tbe characteristic shape 
and sculpture of this Product™, which, in its typical forms at least, may be easily 
distinguished from congeneric species by its peculiar ornamentation. 

The shell is rotundate-squ&re, nearly as long as wide, very flatly concave in 
the apical and visceral portions, but is distinctly geniculated. where tho trail com- 
mences, exactly as in the Chinese variety, described as "palliata " by Kayser. 
It is divided by a broad but rather shallow median elevation which originates at 
some distance from the apex. The hinge line is a little shorter than the greatest 
width of the shell. The ears arc broad and perfectly flat 

The surface of tho cast ifi covered with numerous, tolerably regular, concentric 
wrinkles, crossing the radial ornamentation, which consists of coarse elongated 
pustules, distinctly arranged in quincunx. The immediate vicinity of the very apex 
is covered with closely packed granulations At a distance of 2 mm. from the apex 
the concentric wrinkles make their first appearance and gradually increase in 
strength towards the shell-margin. 

The specimen does not seem to me distinguishable from th« tar. palliata of 
P. pvttulomt, as it has been described by Kayser. It can scarcely be mistaken 
for a species of the group of P. Sumboldli, d'Orb., on account of its much 
coarser ornamentation. From P. punctata, Martin, it distinctly differs by the 
character and distribution of its tubercles. It is distinguished from P . Buchianut, 
de Kon., by it* much larger size, from Prod. Lenchtenbergenm, de Kon., by the 
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concave shape of the dorsal valve, from P. fimbrialu*, Sow., by the larger number 
of its concentric wrinkles. 

Measurements of the specimen :— 



Locality and geological position; number of specimen examined. — Coarse 
grained, dark limestone, with a reddish weathered surface, containing remains of 
Peneitetlas ; Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 

Remark*.— Producing puttuloeus is known from beds of lower carboniferous 
age in England, Ireland, Belgium, Central France, Alsatia, Silesia, Cariathia and 
Central Russia (?). A variety of this species has been described from Loping by 
Kaysor. It differs from the typical form by the presence of a broad, distinctly 
marked off, geniculate trail. It is this upper carboniferous variety with which the 
type specimen from Kashmir ought to be identified. 

The specimen from New Mexico considered as identical with P. puttulosue by 
Marcou (Geology of N. America, p. 48, PL VII, fig. 1), is distinguished from this 
species by the presence of a finely tuberculated zone in the Tioinity of the anterior 
and lateral shell-margins. 

P. pu$tulo$u4 ear. minulus, Abich (1. c. p. 37, Taf . V, fig. 10) from the per- 
wian rocks of Djulfa has been referred to Strophalonia horreteetu by Val. von 
Moeiler. 



0. Pbodi?otus ponctatus, Martin. PI. II, fig. H. 

181)9. AmemitN p*f*at»t. Mortm. P»Uifi~U Dorbinuio, p. ft. PI. XXXVII, fig. 6 (fie,. 7, 8 ezdwn). 
1811. Trijimia r*M»M, Firkiirtoa, Ortcimic BoSMUW, etc., Vol. III. p. 177, PI. XII. fig. 11. 
1883. Anomiiei tkreeriui. AcbUthoim. NoobttiL-ge tar Venloincriing.kanite, Vol. I, p. 03, PI. XIV, fig. 1. 
1883. Productm pmietatui, 8ew M bj. Mln C«od>„ V..1. IV, p. 88, PI. SIS. 
1S38. Products yuoctata, Phillip.. Oool.^j of York.hiro, Vol. II. p. SIS ; PI. VIII. fig. 10. 
1837. Lrpt«r*a imleata. r'ioob«r toii W.ldbrim, Oryettgnphta du GmTarnenwiit do llooaow, p. 143. PL 8*, 
fig. 8 («»■ Soworby). 

1841. Prvdnetu, pnettt. L. t. Both, Abtiudlga. koea«l. Jkadomio d. Wj». Berlin I. Tlup. M, Taf. II. 
US* 10. 11. 

1841. P. pnttatum. I.. d« Koaiwk, !W«!«ptUi. it, .tiim.ui («. du UmU o»rboo. 4. Bolgi^u., p. 1««, 

PI. VIII. fig. 1; PI. X. fig. 8. 
184S. P. pvmetttn,, K. 4» Vonmil. Qfologi* da U Buula d-Bororw, Vol. II. Pilfoatologio, p. 278, PI. 

XVI, 6g. 11. 

1847. P.p*~i*t*,L. d.K»ninok. Mou.gr.pbi. d« goon. Prejwi* et CW«, p. 184, M. XII, 
fig 8- 

1U44. P. pHwtal... Sbamord in R. 1Unf» Kiptormtim of tb. EH Ri w of Looxuu,., p. 188. PL I, fig. 
Si PI. II, fig. 1. 

19*8. P. punctat,, <?), Mmcph, G«lo CT of North Amnion, p. 48, PI. VI, fig. 8. 

1SW. P. /...'«,,*.„, M'ChcsMT. IWiptwoof ». rpooio. of fo-.b, f re »ib« polHMi, rook, of ih, 

Wnrtor,. State* p. 37. I limitation, of tb. woo : 1804. PI. I, Ago. 10. 11. 
1*12. J'.jwmMm, l>.rid«,o, Moot.gr. Brit** osrbooibrou Broobiorodn, p. 178, PL XLIV, fig*. 9-15. 
18J0. P. ?.«ta(w, Hotour. Qoologu, row Ob*iwl>I«i«o, p. 80, PL VII, Ig. 8. 



Ungtb of th. dorml «l», 
Urrsdtb 



M mm. 
W .. 
76. 
30 , 



OopU. „ „ .. 
Loogtb of tb* blDgt lite 
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1872. P. p*w<,tcl*$, Mwk, Final R*,.»rt of tbe U. S. Go logic.) Son. of N.brttkt, p. lfl», PI. II. if « 

PI. IV, fig. &. 

187S. P.jnaHaiui, h. 4* Koninet. Monogmphit An f outlet etrbonifitM it Bl*ib»f(r, p. SO, PI. I, fig. Is. 

1873. P. p.nrlalu, Maek tad Wortheo, Otolot intl Snrr. si Illinois Vol. V, p. US), PL S5, fig. II. 

1S71. P. pmettliu (?), Tool*, Bio* KobWnktlk-Ftan too don BtHOt* loooln. 8ittgbor. Ktk. Aktd d. 

Witt. Win. mttb. box. CI. Bd. LI XI, I. Abtk. p. 25. 
1878. P.j.*«*o<t*(H. L. dtKotiiotk. R«eWch«t .« l» fott. ptldotoiqoe. d. k Ko.toII. Ooiloo do 

Sod, p. 193, PI. X, 6g. 2. 

1677. P.fiHlutt. Wbitt, bopoti apoo tb« D. 8- Googr. Borrtjt W. of tU oh hosdredtb Moridioo, 

Vol. IV, PaUortologr, p. 114, PI. VII. fig. 2. 
18S8. P. p.-*t»t*l, Kroto*. Uo-m. Com. Oool. 8L Pe-ttrtboarg. Vol VI, p. 4"5. 
J989. P. To.l.cn>.vo.fc.w. Vim. Com. G#ol. St. P&trtboorg, Vol. III. Ho. 4, p. 878. 

1890. P. p..rfo*«. N.kitra, lt»d. Vol. V. No. 6. p. 68. 

1892. P. punctattu. Sckollwitu, Wo Poono it* Ktrnitebeo FaraUaeaktlkt, IVtMntogrtpbirt, Bd. SS», p. 
IS, T»f. V, fig 1. 

1896. P. /ww/ofM, Jolim, U t#rr»in ttrbooifero wtrin de It Prenoo Control*, p. 89. PI. VII, Sg. 9 ; II. 
XI, fig*. 3. 4 ; PI. XII, fig. H ; PL XIV, figt. 4,6- 

This beautiful and easily rocognised species which in Western Europe is most 
frequently associated with Product u» pt<»(vlo**$ is represented in the Geological 
Surrey's Himalayan collection from Kashmir by two ventral valves, which, although 
partly injured by weathering, are sufficiently well preserved to warrant a certain 
identification. 

My specimens are somewhat broader than long, moderately arched and provided 
with a distinct medial sinus, originating a short distance from the very apex 
and oxtending to the front. The hinge-line is shorter than the greatest width of the 
shell. The auriculate expansions are barely defined from the swell of the umbo. 

Tho most characteristic feature of this species is its peculiar sculpture, 1 am 
entirely unable to deteot any differences in the ornamentation of my specimens and 
Davidson's or L. de Koninck's type-specimens My two specimens clearly exhibit 
the numerous concentric and regular hands, separated from each other by smoother 
interstices and thickly set with very numerous and delicate spines. Tho concentric 
ridges increase in size from the apex towards the front, but in my second speci- 
men, which attains 38 mm. in length, they become again smaller in the vicinity of 
the margins. 

The measurements of the figured specimen, which can only be givon approxi- 
mately, are as follow : — 



Locality and geological potUion ; number of tpedmen* examined.— Dark blue 
shale with limestone partings, containing numerous Fette delict and indeterminable 
oasts of Slrophaloaiee, Barus, Kashmir Valley ; 2. 

Remark*.— Productut punctattu is a very characteristic species, which ranges 
through the entire carboniferous system into permo-oarboniferous strata. In Europe 
it has been described from the mountain-limestone of Great Britain, Belgium, 



Length of the rentrtl Ttlre io t ttrtigbt lint 
tlong toe nrvt 



27 irim. 

87 . 

30 „ 

S7 ,. 
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Central France and 8iloria, from the Nootschor Sohichten of Blciberg in Carinthia 
nf lower carboniferous age, from the upper carboniferous Futulma limestone of the 
Krone (Carnian Alps), from the Moscovian, Gshelian and Artinskian stage of 
Russia. In North America it likewise ranges through all the strata of the carbo- 
niferous period, from the sub-carboniferous beds of Iowa, Illinois and Missouri into 
the upper carboniferous coal measures of Nebraska. 

A dorsal valvo figured by L. de Koninck from the carboniferous rocks of New 
South Wales lias been attributed to P. punctntm by this learned author. But 
judging from the figure the specimen is too incomplete to allow a safe identifica- 
tion. 

VI. Section: CAPERATL 
10. Productus accleatus, Martin. PI. I, figs. 6, 7. 

1609. An**ilua**mtu,, Martin, Potrificata Detb. p. 8, PL XXX VII, figa. », 10. 
1814. /W«*«*«!«fiu, Sowarty, Mi.H.r. Conch. Vol. I, p. 15*. PI. LXVltl. 6g. 4. 
18J6 Pndufla Itvuptna. Phillip* Gwlogy cf Vorkahiw. PI. VIII. fig. IS. 
183B. P. ,jnWo«. Phillip, (no. Sowrty). ibidoa. Vol. II, PI. VII, fig. 14. 

IMS. P. jiypkoiJtt. U it KoDiack (« ptrU) i>d«ription in animami fvia. da. tamin oaiboa.if.da Balgiojat, 

p. 182, Ft. IX. fig. 1. H. XII. ft*-, li- 
1847. P. asvieatui, L. da Kaainak . Moaoftrapfcia da g*nm Product** et Ckomtti, p. 144, PI. XVI, fig. 6. 
1861. P. acultalKt, DaridaoB, Munugr. Brili.h C»rb. Braebiopada, p. 108. PI. XXXIII, 0g>. 18-80. 
1847. P- onltotiu, Vcreharc, Kaahmir, th* WoaUrrn Himalaya and tba Afghan Mis. Joarn- Aaialie Soe. of 

B«ig«i, vol. xxxv, Pu a, pp, sos, sis. 

1373. P- *nileatu& t L. da Konioak, Moaographia daa foaviloi earbaatforaa do Bl*ityrj^ era CUHathia, p, SA, 
PI. I. fig. SO. 

1875. P. anUatu*, Toiala, Eine KohUnkalk Fauna von den BaranU'Iaatln. Sitaoagaber. Kala. Akad. 

d. Win. Wien, moth, oal CI. Bd. LXXI, I Abth. p. 28, Taf. II. fig. 10. 
188S. P. aeulraim, ELijatr, Oberavbonisoba Plan* tod Loping, ltichtbofoa'a China, Bd. IV, p. 18S, T«f. 

XXVI figa. l-o. 

1888. P. •cvlrtfui. Krotow, Htm. Oom. Q(nl 8L P4Ur»bonTg. Vol. VI, p. 4<W. Taf. I. fig*. 18, 17. 
1892. P. aeuieotiu. &sh«tl»iao. I>le Fauna dea Karaiwben Fnaulinaakatka, Paliooetegrapbica. 1M. 39, 
p. 86, Taf. Ill, figa. 10, 11. 

Among the few fossils of undoubtedly anthracolithic age which have been 
collected in the Kashmir valley by Dr. Vcrchere, a small species of Prodttctut is most 
numerously represented, which agrees very well with P. ocuieatut, Martin. 

All my specimens are of moderate dimensions, nearly as broad as long, or of 
slightly elongated outline. The greatest width of the shell is nearly always situated 
nearer to the front margin than to the bonk, thus imparting to my forms a 
somewhat trapezoid shape. The ven tral valve is very strongly convex and provided 
with high, steeply curved, latoral parts. The hinge-line is considerably shorter than 
the greatest width of the shell and is overlaid by the attenuated, strongly involute 
apex. The ears are very small and not distinctly defined. No trace of a median 
sinus is developed in any of my specimens. 

In the majority of my forms the sculpture consists of irregularly scattered 
tubercles, which in the anterior portion of the valve are occasionally transformed 
Into longitudinal ribs. These radiating ribs are however never as numerous and 
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tegular as in the Chinese variety described by Kayser, or in the specimen figured 
by Davidson on PL XXIII. tig. 19, of Lis monograph of the British carboniferous 
Bracbiopoda. 

Besides this peculiar sculpture a much more delicate concentric ornamentation 
is exhibited in the less weathered specimens. 

No dorsal valce of this species is known to me. The measurements of one of 
my type specimens (fig. 7) are as follow : — 

Lragth at tbe t«iitml in » «t»igbl Vn» 

, „ .lon« tht enrr. 

Bn»dth „ „ * .... 

Thick net* „ „ 

Lragtb of tk« brngo-liw 

Locality and geological potUio* ; number of ,pecimen$ examined.— Coarse, dark 
grey limestone, Kashmir ; ColL Verctiere ; 8. 

Bemarkt.— Producttu aeultatm is a very variable species, under which many 
shapes differing considerably from Martin's type specimen have been united by 
various authors. My forms seem to hold an intermediate position between 
Martin's type, which almost entirely agrees with Toula's specimen from Hoofer 
Island, and the Chinese variety described by Kayser. The Carinthian variety 
figured by Schellwien is characterised by yet stronger ribs in the frontal portion 
of the ventral valve. The specimen from New South Wales, considered as iden- 
tical with P. acvlealus by L de Koninck (Recherches but lee foss. palcozoiques 
do la Nouvelle Galles du Sud. p. 204, PL XI, fig. 6 ) seems to differ considerably 
from Martin's species by its uncommonly broad and strongly developed concentric 
laminae 

Produclut aculeatut is a characteristic species of the carboniferous period, being 
known from th« mouutain limestone of Belgium, Great Britain and Bleiherg in 
Carintbia, and from the upper carboniferous beds of the Camian Alps, of Russia, 
Hoefer Island and China. 



VII. Section: IRREGULARES. 
11. PaoDrcTUB HONeoLicvs, Diener. PI. VI, figs. 7, 8. 

ISSJ, PrtdMiut tf. Car*. K»j»«r, Obenarbommlie Faon* ton Loping, HichUuIeii'i Chin*, Bd. IV, p. 1M. 
T»f. XXVll.ng. S. 

18»8. P. himj./km. DlMicr, Himil»v"i Fi»iil«, Pttaoot I»dio»,Mr. XV. Vol. I. PU 3. Ton permocsr. 
Iwairvrou. l.nn» of Cbiticb»n No. I. PI. IV, fig*. 8-10. 

Two specimens from the anthracolithic rocks of Kashmir are referable to this 
characteristic and easily recognised species. One of them is a tolerably well pre- 
served ventral valve, which, although somewhat ■deformed by crushing, exhibits all 
the leading features peculiar to the present species. It is of an clongately triangular 
shape, provided with an acuminated, involute apex, and, as far as I am able to 
judge, with very small, strongly depressed wings. Tho ornamentation is of exactly 
thci same pattern as in my type specimens from the permo-carboniferous lime- 
stone-crag of Chitichun No. 1. 
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I think this specimen may be safely identified with P. mongoliout, not with 
the closely allied P. eomprenm, Waagen (8alt Range Fossils, Pal. Ind., ser. XIII, 
Vol. 1, Prod. Liraest. Foss„ p. 710, PI. LXXXI, figs. 1, 2) on account of iu more 
strongly developed, concentric sculpture, which equally affects the median and 
lateral portions of the valve and on account of its lateral margins not being concealed 
below the strongly compressed lateral parts of the Bhell, as is the case with the Salt 
Rani;e species, according to Waagen's description. 

The measurements are approiimately as follow:— 

Length of tho •bell in a ttuigbt Una 38 nun. 

„ „ „ along tb* «om> 4J „ 

firmdlb of the .Ul arm. tS „ 

Thickaew of ibo vantral t»It» 8 „ 

My second specimen is the cast of a large Tentral valve, with a few fragments 
of the dorsal valve adhering to it. The distance between the two valves must have 
been very small, especially in the apical region. This specimen only differs from 
the previously described one by its larger siie and greater flatness. I think there 
can be little doubt as to its identity with the present species. 

Locality and geological potition ; number of tpecimens examined. — Dark, mica- 
ceous shales with limestone partings, containing numerous remains of liryotoa, 
Barus, Kashmir valley ; Coll. Godwin-Austen ; 2. 

Remark*. — Product u» mongolian has been described from tho upper carboni- 
ferous beds of Loping in China by Kayser, and from the permo-carboniferous limestone 
of Chitichun No. 1 in Tibet by myself. 



Subgenus : MARGINIFERA, Waagen. 



. Uaryitiftra, Yfuftn, Mt Rmwi ) wli, ralnontotcwia Indie*, wtr. XIII, Vol. I. Prod. Linwt Po», 

p. 71.1. 

For a discussion of the subgeneric value of this group of Frodvcti, vide my 
monograph of the Cbitiohun fossils (Pt. 3 of this volume, pp. 30 to 82). 



1. Maboimfbra himalayhnsis, nov. sp. PI. II, figs. 1-7 ; PI. VI, figs. 1, 2. 

1865. P. nminticuteu*, 8 to) Kt Ilk. Owl^lmt tcetioM aorew tha Himtlajan MoonUmt tnm 
W.ngt, kridgo o. the Ki«r 8uU.j tp Snngdo on tkt Inda* Mem. GaoLSar*. of India, Vol. V, Pt. 
1.P.S9. 

1984. P. lanjupiw, Stolicslu, ibidem, p. 89. 

1883. P. umirttindaliu, I.jdeklar, Tho Otology of the Kaabmir aad Chamba Tomtoriw. Man. OeoL 

Sarvny of India, Vol. XXII. PL II, fi«. 8- 
1B96. Marfmiftra ef. ttpirm, LHriwr, KrgatmiiM *in«r OcologtMbtn Expedition in dp* Ctntnl Himalaya 

wrn Johir. Hind*, aad Paiakhinda, Ixmk-ohr. Kaia. Akad. d. Wia.. math. oat. CL Dd. LXIL 

p. 6W>. 

1888. If. KmaUy.mri,, Diooar. Tha prrmocarb. faoaa of CKJtiofaan No. 1. Pal. Ind. wr. XV, Himalayan 
Pom., Vol I, Pt 3, p. 35. 

This is the most common species of Stoliczka's •' Kuling Shales" in Spiti and is 
met with in corresponding beds in Kashmir. The majority of specimens contained 
in the Geological Survey's Himalayan collection have been mistaken for Product** 
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temiretieulatut by Stoliczka and Lydekker. With this species the present form has 
however scarcely anything in common but an external similarity in the sculpture 
of the dorsal valve. Its internal characters, on the contrary, prove it to be a typi- 
cal representative of TVaagen's subgenus Marginifera and to be most closely allied 
to M. typiea, from which indeed it is distinguished hy very subordinate characters 
only. 

The present species varies considerably in its general shape and outlines. It 
is, as a rule, transversely oval or even transversely rectangular, hut specimens of a 
subquadrate outline arc also occasionally met with, and a few exceptional forms 
even exhibit an elongately oval shape. 

Tho ventral valve is always very strongly inflated. Its visceral part is distinctly 
prominent above the hinge-line. It is either regularly curved in the longitudi- 
nal direction throughout its entire length from the apex to the front margin, or its 
apical region appears to be more or less flattened. In some specimens even 
a blunt genioulation sets in where the visceral and anterior portions of the 
valve unite. Olose to the apex, almost at its point, a mesial sinus takes its 
origin and extends down to the front line. It is of variable width and depth, but 
is always distinctly developed. In some of my specimens it is extraordinarily deep 
and narrow, exactly of the same character as in the type specimen of Product us 
gratiotut, figured on PI. Ill, fig. 7, of my monograph on tho Chitichun brachiopoda 
(PL 3 of this volume). As a role the mesial sinus is most deeply impressed in the 
visceral portion of the valve, but becomes more shallow towards tho front. 
The beak is not much bent over, pointed, but not passing far within the hinge- 
line. The latter is straight and marks the greatest breadth of the shell. The 
wings are rather largo and prominent, pointed at their extremities, somewhat 
triangular and strongly arched. They are defined hy a sinuosity or furrow from 
each lateral margin. The lateral portions of the ventral valve are bent down in a 
very steep curve towards the wings. The lateral margins are rounded anteriorly 
from the sinuosity or furrow in advance of each wing, to the front, which is 
distinctly, though, as a rule, hut slightly sinuous in the middle. 

If the shell has been entirely preserved, the ornamentation consists of very 
numerous longitudinal striae or costm. Tho majority of the ribs remain quite 
regular for their entire length. Occasionally, however, two or three are united 
into a coarser one. The strice or cos tie arc parallel and do not exhibit any tend- 
ency to converge towards the centre line of the mesial sinus, as it is the case in the 
typical form of Xargintfera typiea. In the apical region tho delicate, radial 
plication is crossed by an equally delicate concentric sculpture, imparting to this 
portion of the shell an indistinctly reticulate appearance. The concentric striaj 
are always less numerous and separated by larger intervals than the radiating ones. 
Traces of spines are ulmost entirely absent. 

Generally on somewhat worn-out examples the concentric stria are so nearly 
obsolete that the radial plication only is exhibited. Specimens of this kind 
strongly remind of the figure of Productu* longiipinui var. tetoomt, given by Erotow 
in bis memoir on the geological structure of the districts of Tsoherdyn and 
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Ssolikanask (i£«5m. Com. Geol. de la Russie, Vol. VI, St. Pctmbourg. 1886, Taf. I, 
fig*. 12, 13). In specimens which are still more weathered the surface, at a first 
glance, presents the appearance of boing entirely smooth. But even these speei- 
mens, like the one figured by Ljdekker, almost always show the remains of either 
the concentric or radiating striae on the more protected parts. 

A small number of specimens which have been collected in the Ruling shales 
near Muth in Spili by Dr. Ferdinand Stoliczka are distinguished by a slightly 
stronger ornamentation of tlieir ventral valves than the rest of my forms. In 
these specimons (PI. VI, figs. 1, 2), which clearly show the peculiar internal charac- 
ters of the subgenus Margiiitfera, both the concentric and radiating plioatiors are 
rather strongly developed. In the specimen, figured on PI. VI, fig. 1, moreover, the 
radiating costaa standing next to the mesial sinus show a slight tendency to converge 
towards the latter. Regarding the smalt importance of these characters of 
difference, I do not think that these specimens ought to be considered as more than 
variations of the present species. 

The dorsal valve is deeply concave and follows very closely the curve of the 
opposite one, thus leaving but very little room for the animal within. The visoeral 
and anterior portions are v*ry often separated by a Btrong geniculation. A broad, 
strongly elevated mesial ridge, corresponding to the sinus in tho ventral valve, 
extends from the beak towards the front. The wings are flattened, but not distinctly 
marked off from the remainder of the valve. The sculpture is much more prominent 
than in the ventral valve. Both the apical and visceral portions are strongly red* 
culated, imparting to the casts of this valve an external similarity to small 
forms of Productut aemireticulalut. In the trail this reticulated ornamentation 
is replaced by a delicate radial plication. The sculpture of the wings is more 
delicate than in the remainder of this valve. Traces of spines have but seldom 
been noticed. 

The shelly substance of both valves is rather thin. 

The measurements of one of my largest and most complete specimens (PI. II, 
fig. 1) are as follow :— 



Length of the shell in • itmight line Hi mm. 

m 1. >t .. *^° n n the e«nr» 40 „ 

, doml t»1to ltt „ 

Entire bmdth of th* aboil 43 „ 

Tbtckiico* of llm vastm! nlro 14 

DUtane* of tho two t»lvo» from Huh otbar 7 „ 

Breadth of the sboll wilbuot tb* wiliga 30 „ 



The characteristic feature of the subgenus Marginifera, vis., tho prominent 
shelly ridge within the wing* of the ventral valve, is clearly seen in Lydekker's 
type specimen of this Bpecies from Kashmir (PI. II, fig. 5). The wing having been 
broken off on one side of this specimen, the peculiar crcnulated ridge, as described 
and figured by Waagen, is exhibited. This iuternal ridge has also Iteen noticed in 
several forms from the Kuling shales of Spiti collected by Dr. Stoliczka. In a 
large number of my specimens, moreover, the trail of the ventral valve is marked 
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off from the remainder of the shell by a distinct band or furrow, which corresponds 
to the internal ridges along the margins of the dorsal valve. 

Of other internal characters of this species nothing is known to me. 

Locality and geological position ; number of specimen* examined.— The 
Euling shales of Spiti are very rich in specimens belonging to this species. 
Among the Geological Survey's Himalayan collection from Spiti the following 
localities are represented :— Ruling, Coll. Stoliczka, 35; Coll. Griesbacb, 14; Khar, 
Coll. Stoliczka, 4 ; Coll. Griesbach, 18 ; Muth, Coll. Stoliczka, 8 ; Lilang, Coll. 
Stoliczka, 8- Six specimens have been collected by Dr. Gerard, but tho exact 
locality from which they have been obtained is not known. 

In Kashmir our species has been collected by Lydekker in shales with lime- 
stone partings of the same lithological oharacter as the Euling shales of Spiti. The 
specimens, 16 in number, were found on the western summit of a ridge N.E. of 
Prongam Tral, associated with P. Abichi, Waag., Strophomena analoga, Phil,, and 
ChoHftis grandico$la, Waagen. 

It is not improbable that Dr. Verchcro (1. c. p. 213) had this species in view 
when describing his specimens of Produrtui longispinut from Kashmir as differing 
from Davidson's types by " their well-defined, enrolled and horn-like ears." 

Pemark$. — Tho present species is very closely allied to Marginifera typica, 
Waagcn (Salt Range Fossils, Pal. Ind., ser. Kill., Vol. I, Prod. Li meet Foes., p. 
717, PI. LXXVT, figs. 4-7, PI. LXXVIII, fig. 1), and it was only after much 
consideration that I did not feel justified in identifying them altogether. If one 
had to deal with ventral valves only, it should, in some cases at least, be difficult to 
distinguish between them. This remark chiefly applies to the variety from Muth, 
which, by its coarser sculpture, approaches very closely tho typical form of the 
Salt-Range species. The almost entire absence of spines, however, is a remarkable 
feature in all my specimens of M, himatayensii. 

The most striking proof of the distinctness of the two species rests on the 
character of tho dorsal valve which iB much more strongly reticulated and provided 
with a very prominent median fold in M. himalayentit. Nor are the two 
remarkable rows of grooves present in the latter species, which in If. typica extend 
inside along the ridges, separating the wings from the remainder of the shell. 

A closer comparison of the present Bpecies with other forms of the subgenus 
liar gin{f era seems hardly necessary, as the distinguishing characters are almost the 
same as have been indicated by Waagcn as separating ii. typica from the rest of 
congeneric species. 

Genus: 8TROPHALOSIA, King. 

The genus Stropholotia is not at all rare in the anthracolithio system of the 
Western Himalayas, but nearly all the specimens which I have examined are 
too fragmentary for specific determination. 

The only Uimalayan representative nf this genus, tho characters of which are 
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tolerably well known, ia Strophalotia Gerardi, Kin-? (A monograph of the permian 
fossils of England, London, 1860, p. 00, IM. XIX. figs. 6, 7). Tbe forms on 
which this species has been founded by Prof. King were picked up by Dr. Gerard 
on the crest of a pan, leading from Ladakh into Bi&ahir, at a bright of 17,000 feet- 
Ibis species, whioh is not represented among my fossil material, has been compared 
by Waagen to Strophalotia plieota from tbe lower Prodnctns limestone of tbe Salt- 
flange and has been identified recently with an Australian shell from the Bowen 
river coalfield in Queensland by R. Etheridge, jun. (Geology and Paleontology of 
Queensland and Now Guinea, London, 1802, p. 2G0, PI. XIII, fig. 18, PI. XIV, 
fig. 18 ; PI. XL, fig»- 7, Whether the two dorsal valves from the Zewan beds 
of Kashmir, described and figured by Dr. Verchere as Strophalotia (?) arach«oid«a 
(Jouro. Asiafc. 800. of Bengal, Vol. XXXV, Pt. 2, p. 213, PI. IV, fig. la, lb), 
really belong to this genus, is at least very doubtful. 

Among the specimens of Strophalotia, contained in the Geological Surrey's 
Himalayan collection, two species can be distinguished. One of them appears to 
be related to St. eottata, Waagen, tbe other to St. tenuitpina, Waagen. 

L Steophalosia bp. ikd. ajp. 8t. costata, Waagen. PI. I, figs. 15, 16. 

Besides a considerable number of very poorly preserved fragments, two incom- 
plete ventral valves with partly preserved shell are referable to a specicB, which to 
m« seems rather closely allied to St. eottata, Waagen (Salt- Range Fossils, Pal. Ind., 
ser. XIII, Vol. I. Prod. Limest. Foss., p. 635; PI. LXIII, figs. 7, 8; PL LXIV, 
fig. 1) from the lower Productus limestone (Amb beds) of the Salt- Range. 

Both specimens are of transversely oval outline, but so much crushed as to 
appear strongly asymmetrical. The apex is too badly preserved to show tbe 
presence of point of attachment. Nor has it been possible to state the presence 
of an area with full certainty. A mesial sinus is but slightly indicated. 

The most characteristic feature of these two ventral valves is their ornamenta- 
tion. It consists of tolerably sliarp, elevated, radiating ribs, which are not quite 
regular for thoir entire length and increase in number towards the front either by 
bifurcation or by intercalation of new costie. At irregular intervals the ribs are 
strongly nodose and ornamented with spines. These spines are most numerous in 
tbe vicinity of the lateral margins near both extremities of the hinge-line. This 
coarse radiating sculpture is crossed by a very delicate concentric ornamentation. 

The measurements of tbe smaller specimen (fig. 15) are approximately as 
follow :— 

Lrtgth 0 ftb.»htll 21 ... 

BrcwlUi .. ., W ,. 

length of tb, hu.^-lin* 15 „ 

Locality and geological position ; n umber of specimen! examined.— Dark blue, 
shaly limestone, with Fenettella, N. of Eishmakam, Kashmir Valley ; ColL 
Lydekker ; 2. 

Remark*.— Among the Indian representatives of this genus the present 

o S 
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species lias probably nearest ally in Strophalotia cot lata, Waagen. It is, bow* 
ever, distinguished from the latter by its considerably larger dimensions, by the 
absence of a strongly developed mesial sinus and by its more numerous spines. 

2. 8TR0PHA10SIA op. (?) tbkhispika, Waagen. PI. I, fig. 17. 

1887. Stnptol—i* t4nuitpi»a, Wmgro, Wt-Baog*. Fnub, Pal. lad.. Mr. XIII, Vol. I. Products* Lire*- 
.tune Fom., p. til, PI. LX1V, »-7. * 

A single incomplete ventral valve of a Strophalotia so closely resembles this 
species from the lower Produotus limestone of the 8alt-Kange that I can scarcely 
lie far wrong in referring it to the latter as its nearest ally. 

Its general outline is almost circular. Tbe ventral valve, which alone is 
a<-cessible to observation, is but moderately inflated, as in Waagen's type 
specimen, figured on PI. LX1V, fig. 2 of his monograph and is very regularly 
curved in either direction. Tbe apex being broken off, one of the most important 
characters for the identification of a Strophalotia is unfortunately missing. 

The ornamentation is nearly the same as in the specimen figured by Waagen 
on PI LXIV, fig. 6 of his monograph. It consists of a comparatively small 
number of very thin, elongated spines, which arc directed forward, firmly appressed 
to the surface of the valve, and arranged into approximately concentrio rows. A 
few imbricating, concentric strim of growth may be noticed besides this radiating 
sculpture. 

I have not succeeded in cleaning tbe dorsal valve from the adhering 
matrix. 

Exact measurements of this species cannot lie given, as the materials at hand 
are too fragmentary. The figure will give, I hope, a sufficiently clear idea of its 
features. 

Locality and Geological position ; number of tpeciment examined. — Shaly, 
micaceous limestone with Produdut temireticulottu, Barns, Kashmir Valley ; Coll 
God win- Austen ; 1. 

Remark*. — As this specimen is too imperfect to warrant a decided identi- 
fication, its direct reference to Strophalotia tenuitpina may have elements 
of doubt, but, on the other hand, I cannot satisfactorily compare it to any other 
among tbe congeneric species, Had it not been for the moderate inflation of the 
Tentral valve and for the less numerous and more delicate spines, S. plieota, 
Waagen, might have put in* a claim for a closer comparison. 

In the Salt-Range Strophalotia tenuitpina is restricted to the Chonetes-bed of 
the lower I'roductus limestone at Amb. Tbe Barus beds of Kashmir with P. 
wmireticulatut seem to bold a similar geological position. 

8ubfamily : CHONETINjE, Waagen. 

Genus: CHONETE8, Fischer v. Waldh. 
In the Himalayan collections of the Geological 8urvcy from Kashmir and 
Spiti tbe genus Chonetet is represented by altogether four species. Among the 
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subdivisions or sections of this genus established by L. de Koninck nnd partly 
emendated by Waagen, they can be grouped in the following manner: — 

I. Swnos : 8TRIAT-E. 

1. CAoneiea tf, Liitareiuit, Dienvr. 

2. Cio»eUt A*tle*ia*a, Davidson. 

- 

II. Sectio*: GRANDICOSTAT^. 

3. Clonttet grandieotta, Waagen. 

4. CtonHet Bsr*»i*ntU, Davidson. 

One of these species, Chonetet qf. LusarcnsU, from the Ruling shales of Spiti, 
is probably identical with one of tho most common leading fossils of the permian 
Productus shales of Johar, described by myself in the fourth part of this volume. 
ChoueleB grandicotta had been previously discovered in the upper Productus- 
limestone by Waagen. The two remaining species are peculiar to the anthracolithio 
system of Kashmir. One of them, Ch. Barutieneit, had been originally classed 
among the genus Spirifer by Davidson. In placing it in the genus Chonetei I 
am following Waagen's opinion. 

Besides Chonetei Atuteniana and Ch. Baruaientit two more species of this 
genus have been described by Davidson in his memoir on the carboniferous fossils, 
collected by Captain God win- Austen in Kashmir. These are Ch. Ice o it, Davidson 
(Quart. Journ. Geol. 8oc, London, Vol. XXII, I860, p. 44, PI. II, fig. 17) and Ch. 
Hardrenns var. Tibctensia, Davidson (ibid, p. 36, PI. I, fig. 7). The latter denomi- 
nation ought to be changed into " Kathmerientit" according to Lydekker, because 
the specimens in question were obtained from Kashmir, not from Skardii in Little 
Tibet, as it had been first erroneously supposed. 

Choneles Icede is a small and rather indifferent speoies, with a nearly 
smooth surface. Waagen has compared it to Ch. Ambientit, Waag., Ch. rolundnta, 
Toula, and Ch. planumiona, Meek and Worthen. He even suggested its 
probable identity with Ch. rotundata from Hcefor Island. I think, however, that 
all these forms are specifically different from Ch. Itetit. Ch. rolundata, Toula (Eine 
Kohlenkalk Fauna von den Barents -In seln, Bitzungsber Kais. Akad. d. Wiss. 
Wien, 1876, math. nat. CI. Bd. LXXL, p. 28, Taf.II. fig. 12, won 11) is much 
more strongly convex and not flattened towards the ears, which according to David, 
son's description, is a prominent feature in the Himalayan form. Ch. Ambientit 
Waagen (Salt-Kange Fossils, Pal. Ind., ser. XIII., Vol. I. Prod., Limest. Foss., 
p. 618, PI. LVIII, figs. 1-6) is also more strongly inflated and provided with a shorter 
hinge-line and with a prominent apex. From Ch. planumbona, Meek and Worthen 
(Geol. 8urv. of Illinois, Vol. II. Palmont. p. 253, PL 18, fig. 1), Ch. tacit differs by 
similar characters. 

The second species, Chonetes Hardrentit var. Kathmerieneit, belongs to a group 
of the carboniferous descendants of the devonian Ch. Hardrentit, Phill, of which 
Ch. Laguemam, L. de Kon., is the prototype. 
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I. Section : STEIATiE. 
1. Chonbtbs cp. Lissarensis, Diener. PL VI, fig. 3. 

1697. Cltwttt Liimrmit, Dinwr, Himilaran Fowil., Pal. Ind., wt. XV, Vol. I, Pt. i. Tha faun* cl th* 
jnrnjian I'r* <lu^t ibalaa of Johir and Paiolclia'iidaf PL II, figl. 4* 6, p. 

Among the fossils collected by Stoliczka in the Ruling shales of Spiti 
there is a single ventral valve of a Clwnetea, which seemed to me indis- 
tinguishable from Ch. Liemrentis, one of the most typical species of the permian 
Productus shales of Johar. 

Its outline is transversely trapezoidal, with rounded-off margins. It is 
very gently curved in the longitudinal direction. The hinge-line corresponds to 
the greatest width of the shell. The lateral parts are distinctly flattened and form 
slight triangular wings. The apex is very slightly developed and pointed. No 
spines have been noticed on tbe margins, which are limiting the area above. 
The mesial sinus is cut out very sharply and bordered by steep marginal walls. It 
is, however, neither deep nor wide, and disappears almost completely in the 
vicinity of the front. A narrow, sharp, median fold rises from the bottom of tbe 
sinus and is distinctly developed almost throughout its entire length. It is exactly 
of the same character as the majority of tbe specimens from tbe Productus shales 
of the Lissar Valley in Johar. 

The specimen is a cast only. Its central portion is ornamented with very 
numerous and delicate strioe, covered with numerous puncta. In the marginal 
region the ornamentation is partly obscured by weathering, hut in some plaoes, 
especially in the vicinity of the wings, the presence of deep grooves is distinctly 
seen, which are directed towards the shell margin. 

The measurements of this specimen arc as follow :— 

Entire leiiu<h at tb« (hell S mm. 

M bmltb tf „ along lb* bbigt-bna . • • . . 17 

Thiol boh of At ventral v»Wa 8 „ 

Ajikal augla- without tHn wing* oca. 120 9 

Locality and geological position ; number of tpecittieus examined.— Kuling 
shales, associated with Margintfera lii»talayemU, Kuling, Spiti ; Coll. Stoliczka ; 1. 

Remarks — This specimen can hardly be otherwise determined, I think, than 
as Ch. lissaretuit. If I do not venture ou a direct identification, it is because 
the example is not complete and differences might perhaps be noticed, if the 
dorsal valve were preserved. A closer comparison with other forms of this group, 
Ch. Fiahuu, Salter, Ch. lobala, Schellwieu, Ch. metoloba, Norw. and Pratt., seems 
hardly necessary. 

Chonctet Lie&ireiutii is a very common shell in the permian Productus shales 
of the Lissar Valley in Johar. Its presence in the Kuling shales of Spiti would 
therefore ho of no slight importance, with regard to a domination of their exact 
stratigraphical position. The Kuling shales of Spiti, or, more exactly, their lower 
portion, which contains a palaeozoic fauna and is overlaid by the triassic Otocera* 
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stage, have been correlated with the Productus shales of Johar and Painkhanda 
by Griesbach. The presence of Ch. Litaartntit in these beds would be strongly 
in favour of this view. 

8. Chonetes Austkkiaka, Davidson. PI. II, fig. 13. 

Vm. CtoarfM Auitrniana, Dvriiwn, Qnwt. Joorn. G«*l. Soo.. London, Vol. XXII, p. 41, PI. II, fig. IS. 
16M. Ch. A*tUmi**». SVugto, gtlt-iUngt tWU, Fulnmt. Indi«, wr. XU1.. Vol. I, Prod. Lini«t. Fo«.> 

p. ea3. 

This species was introduced by Davidson from a single ventral valve, collected 
by Captain Godwin-Austen in the anthracolithic rocks of Kashmir. My materials 
for its description are unfortunately in no way more complete. 

The only speciraon, available for description, is a ventral valve of a transversely 
oval outline. It is moderately inflated and very regularly curved both in the 
longitudinal and in tho transvorse directions. There are no auricular expan- 
sions, although the lateral parts are slightly flattened near the extremities 
of the hinge-line, which corresponds to tho greatest width of the shell. The apex 
is barely at all prominent, pointed, but not or only very little involute. At its 
very extremity a narrow, concave, median sinus originates and extends to the 
front, increasing gradually but very slowly in width and depth. On the lateral 
portion of the valve two obscure, rounded depressions of very small dimensions 
may be traced on each side of the mesial sinus. These depressions are mora 
conspicuous than the broad, barely elevated folds, into which the lateral portions 
are divided by the former. Otherwise the surface is almost smooth. But this 
feature, I think, is only due to the weathering of the cast, because in some places 
a large number of rounded punctures is indistinctly visible, which are arranged 
into radiating striae. 

Neither the dorsal valve nor the internal characters of this species are known. 

The measurements of my type specimen are as follow :— 

Kntir* UiMtholtt.tfb.il 135 mm. 

,. br»Jtb IB . 

„ Uiioknw* „»••••••••* - w 

Apidal u.gta of tb« natml rain without tat wing UU° 

Locality and geological fOtUion; number of tpeciment examined.— Coarse, 
grey limestone, made up almost entirely of undeterminable fragments of brachio* 
poda, Zewan beds, Barus, Kashmir Valley ; Coll. Godwin-Austen ; 1. 

Remark*-. — The present species has been classed by Waagen among the 
section of grandicotlatx, and I must state my reasons for not concurring in 
this view with that learned author. In its general character* Ch. Autteniana 
approaches more nearly the "ttriatie " than any form of the " grandicottatt*," being 
characterised by a delicate, radiating striatum, which is mado up of a large number 
of regularly arranged punctures, whereas the traces of larger plications are rather 
obscure and restricted to the vicinity of the margins only. In this respect Ch. 
Autteniana cannot advantageously be compared to Ch. temiovalit, Waagen (1. o. 
p. 632, PL LXI, fig. 5) as has boon suggested by Waagen. The latter speoies 



48 HIMALAYAN F08SILS. 

undoubtedly belongs to the section of grandicotlata, being distinguished by the 
presence of strong and mod6rately bigh, radiati ng ribs. I therefore should not 
think it adyisable to unite Ch. temvivalii and Ch. Avsteniana in the same group of 
forms. 

Among the " ttriotoe" Ch>melt» Austeniana may be considered as the proto- 
type of a proper group, distinguished from the rest of congeneric species by the 
presence of a few, low depressions, affecting the lateral portions in the vicinity of 
the shell-margin. 

IL Section : GRANDICOSTATJE. 
3. Chonetes gbanimcosta, TVaagen. PI. II, fig. 14. 

1884. ChomtH jiWirc-r/a, Wa.gwi, Bah Range FcMi», Paliaot. Iwl, wr. XIII, Vol. I, Prod. UmnL Fom.. 
p. (US, Fl. LSI, Sga, a. ;. 

Tho materials of this species in the Himalayan collection are very small, but 
the specimen is so characteristic that I think the determination can be made with 
sufficient accuracy. 

The specimen serving for description is slightly inferior in size to Waagen's 
types, but perfectly agrees with them in all its characters. It is easily distin- 
guished from all the rest of congeneric forma by its strongly inflated ventral valve, 
its deep mesial sinus, and its well developed, radiating folds. 

Tho ventral valve, which alone is accessible to observation, is a little wider 
than long, strongly hut rather regularly convex. The bingo-line corresponds to the 
greatest width of the shell. The apex is slightly prominent, pointed and incurved, 
thus concealing the area almost entirely. In the specimen at my disposal the 
largest portion of the area is covered up by the rocky matrix. 

TransTersely the valve appears impressed in tho middle by the presence of a 
very deep and broad, mesial sinus, which originates in the apex and is limited on 
both sides by prominent, rounded folds. These folds descend rather abruptly 
towards the flattened, pointed wings, from which they are marked off very sharply. 

The entire valve is covered by a radiating sculpture, which is most prominent 
on tho two elevated folds. The sinus is ornamented in its bottom by delicate, longi- 
tudinal striai only, whereas on tho elevated folds regular costas make their appear- 
ance, the highest among them forming the very crest of each fold. The wings are 
apparently devoid of a radial sculpture, but are ornamented with imbricating, 
transverse stria of growth. This transverse sculpture is but very faintly indicated 
in tho remaining portions of the valve. 

Neither the dorsal valve nor the internal characters of this species are known 
to me. 

Tho measurements of the present specimen are as follow: — 

Entire Iff gib of tb» *WU B mm. 

„ brtadtk „ „ „ along tin. bingo-line V „ 

„ thicknttfi « » m . . . , . . . , • 4 „ 

Apical angle «f tho ventral Talre. without tiu win^s .... oca. 80° 

Locality and geological position; number of specimens examined. — Micaceous, 
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dark shales, with Productut Abichi and Marginifera himaloyentit, western summit 
of a ridge N.E. of Prongam Tral, Kashmir ; Coll. Lydelfker ; 1. 

Remark*. — Tbo only differences between this form and Waagen's type-spe- 
cimens of Chonetet grondicosta are the somewhat mere longitudinal shape and the 
(.mailer size of the former. In these characters it approaches more nearly CA. aequi- 
cost a, Waagen (1. c. p. 639, PI. LX, fig. 7), from which it differs however by its 
ornamentation and by its deeply impressed mesial sinus. The two above-mentioned 
points of difference are certainly too insignificant to forbid its identification with 
CA. yrendicotta. 

In the Produotus limestone of the Salt Range the present species is restricted 
to the Cephalopoda beds of JabL 

4. Chohbtbs Babusikxsis, Davidson. PI. VI, fig. 4». 

1966. Spirifer Baruiiauit, Dirndion. Qa«rt. Jnnrn. G«oL 800, London, Vol. Mil. p. 42, PI. II, if- 7. 
IBM. Ciomtt— Btrmwui: Wugrn, btlt htxgt Pom., Pal. Ind.' Mr. XIII, Vol. I. Prod. Ltmert. Ton., 
p. 618. 

Professor Davidson had only a single ventral valve of this species at his 
disposal, for which he introduced the present denomination. Nor are my materials 
in any way more complete. Thus our knowledge of the species necessarily must yet 
remain rather imperfect. 

Davidson himself states his description of this shell, which he provisionally 
classed among the genus Spirifer, to be very incomplete. Waagen was tbo first to 
discover the close resemblance of Spirtfer Barutientit to the largely oostate species 
of Chonetet from the Froductu* limestone of the Salt Range, and he consequently 
deemed it preferable to consider it as a ventral valve of a Chonetet. I fully agree 
with this opinion of that learned author. 

Chonetet Barutientit is of very small size and is easily distinguished from the 
rest of largely costate Chonetet by its transversely trapezoidal ou tline, being twice a« 
broad as it is long. The greatest width of the shell Corresponds to the binge-line. 
The ventral valve is but very little inflated and equally curved in the longitudinal 
direction. A broad, rounded sinus originates in the very apex and extends to the 
front, increasing gradually in width and depth. The wings are large, flattened and 
pointed. The apex is not prominent. There are three folds within the mesial sinus 
and five on each of the two elevated parts of the valve on both sides of the sinus. 
The oosta> within the sinus are less strongly developed than those on the elevated 
parts of the shell. The wings are devoid of any ornamentation. 

Neither tho dorsal valvo nor the internal characters of this species are known 
to me. 

The measurements of my type specimen are as follow :— 

Entire length of the »«otiml •air* • mm. 

„ breadth „.,.,» 8 ,. 

„ tblcknoa „ „ ,i , <*» ' » 

Apical in* I* of tbo tctU»1 wHL<mt tbe wing! on. 1<W 

Locality and geological jmition ; number qf tjKcimcna examined .—Dark shales, 
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weathering in greenish and reddish colours, with Protoretepora, Barus, Kashmir 
Valley ; Coll. Godwin-Austea ; 1. 

Bemarkt. — Chonetes squamulifera, Waagen (1. c. p. 634, PI. LX, figs. 1 to 4) from 
the middle and upper Productus limestone of the Salt Range has been considered 
as the nearest ally to the present species by Waagen. The two forms are, however, 
readily distinguished by the smaller size and greater width of the Himalayan shell, 
by its flatness, its larger wings and its distinctly impressed sinus, which is limited 
off more sharply from the elevated parts of the ventral valve. 

On account of its great flatness and of its large, pointed wings Ck. deplanata, 
Waagen, might put in a claim for a closer comparison. 

Family : l.YTTONUDJS, Zittel. 
Sub-fainil) : LVrTONlIN \M, Waagen. 
Genus: LYTTOMA, Waagen. 

Lyttohia. sp. ind. PI. II, figs. 15, 16. 

Among tho fossil materials, collected in the anthrncolithic rocks of Kashmir 
by Lydekker, there are several fragmentary oasts of a Lyttonia, which is probably 
very closely related to L. nohilis, Waagen, or to L. tenuis, Waagen, but does, unfor- 
tunately, not allow a specific determination, on account of the fragmentary charac. 
ter of the forms available for observation. 

The smaller of the two figurtd casts, corresponding to the cardinal portion of a 
ventral valve, exhibits thepeculiar triangular outline, which is common to all the 
species of this genus. Tho shelly substance has bcon entirely destroyed, but it* 
characteristic, distinctly porous structure has been partly preserved on the cast. Both 
the strongly developed median septum and the numerous lateral septa are marked 
by deep furrows, which aro corresponding to them in tho casts- The surface of the 
latter is partly covered by the branches of Protoretepora. 

The specimon, figured on PI. II, fig. 16, seems to have attained very consider- 
able dimensions, its width at the anterior border measuring about 60 mm. 

Tlie present species is perhaps identical with one of the congeneric forms from 
the Productus limestone of the Salt Range described by Waagen. With LyttonUi 
Bichthofcni, Kayser (Obercarbonische Fauna von Loping, ltichthofen's " China, '• 
IV. Ud., p. 161, Taf. XXI, figs. 9-11) it cannot be idontilled. because the median 
septum, which is very distinctly developed in my casts, seems to be entirely absent 
in the Chinese shell. 

Locality and geological position ; number of specimens examined. — Dark shales 
with limestone partings, made up almost entirely of Bryosoa, especially of Pro- 
toretepora, Marble Pass, Kashmir ; Coll. Lydekker ; 4. 

Bemarkt.— Lydekkor (Records GeoL Surv. of India, 1884, Vol. XVII, p. 37) 
was the first to draw attention to the occurrence of Lyitonia in the anthraoolithic 
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deposits of the Kashmir Valloy. Tho presence of this gf nus is of considerable im- 
portance for a safe correlation of these beds, as it has hitherto never been discovered 
in older than upper carboniferous Btrata, 



Family : 6T ROT HO it KM DIE, King. 
Sub-family : STROP HOMEMN.W, Waagen, 

Genus: STROPHOMENA, Blainville. 
1. Strophomeju analoqa, Phillips. PI. II, fig. 17. 

1838. PreJnta analog*. Pbillip*. O-otogj of Yotk.hir-, Vol. II. p 815. II. II, fig. 10. 
J840. Ltpt**a JUIvria, SowerUj, Uiutr. (Wb., Vol. VII. Pi. 614, fig a. 

ltt*3. Ltft**a Jtj>r*M, L. da Koomrk, l)«wription (let taiui.m fo»«il.» q ni M troovunt dun U Umin 

mtbonifen it Bdgiqno, p. SIS. PI. XII, fig. 3. 
1844. l*pt*g<mi* mmlcinf4U,il'Coy, SyiiopaH of the ebuocbn si tho ewb. lot*, of Ireland, p. 116, PI- 

X VIII. tg.lt 

1861. Stropitm*** rkomboidtlu Mr. aiuloya, Dirideon, Monogr Bfitilh C»rb. ISnwhiupod*, p. 119, PI. 
XXVIII, ligi. —13. 

1688. Strepiomtn* anaJtg*, D*Tid»i>, On lb* lower carboniferous braobiopoda of Keva Seutia. Quart, 

Juurn. Cool. Hoc. London. Vol. SIX, p. 1T8, PL IX. fig. IB. 
1MSJ. Wr. avahg; Verobtre, Kaebmir, Ihe Weelern Himalaya sad tbo AfgM MU. Joarn. AsiaL. Soc of 

feofn), Vol. 35, PL J, p. SS1S, PI. II, fig. 4, 
£i. rktmMJolu «f. >m(««ii, Klberidgi-, Quart. Jaanu G<oL Soo., Vol. XXVIII, pp. SSI and 838, 

Pt. XV, 6|t«. 3 >nd ? 6. PL XVI, Bit. T, PI. XVlIl. fig. 1. 
1875. .Mr. dtprfa, T>ula, Bin* Koolenkalk Paane T. n dm Bejonte IiuUn Sittgtber. Kais Abaci, d, Wuw. 

WUn. LXXI, Bd. ninth, nat. CL I, AUh p. 23 Tar, II. Kg. 8. 
1878. Stropiemtna ataltfa, I* d« Koeiouk, NflureHee Borbereiiei »ur Is fonilet pnMoaotqae* de la NoaTrlle 

(hllm da Sod, p. 80S. PI. IX, IK. 3, PI. XI. fig. 7. 
1872. Si. r&snloiVs/ii ear. aitoA'pa, R. Etberidgn jon. in Juk and Etdetidf*, Geology and PaUnonUlogy 

of Qnymuiaiid Mid Now (Ininea. p. S45. PI. XII. fig*. 8, 9, PI. LX, Eg. 8. 
IBM- St omaloja, J alien, L* tormin tarbonifore nariti da U Franco Central* p. 84, PI. Ill, fig*. 8, 0. 

This species which by tho majority of palaeontologists has only been admitted as 
a variety of the silurian Strop/iomena rhomboiJalu, Wahlcnberg, is represented 
among the fossils collooted by Lydekker, in the anthracolit hie rocks of Kashmir, by 
a tolerably well preserved, though incomplete, ventral valve. Exactly at the place 
vrhere we ought to expect the sudden geniculation in tho convexity of the shell, 
the latter has been broken oil in my specimen. 

The ventral valve is of a subtrapizoidal outline, considerably wider than long, 
moderately curved in both directions, and provided with large, slightly depressed 
auricular expansions, which join the lnteral borders in a very regular curve. The 
binge-line corresponds to the greatest width of the shell. Tho apical region strong- 
ly romiuds one of a Froducttu, but exhibits the trace of the characteristic perfora- 
tion in the vicinity of the beak, peculiar to the genus Strophomena. 

The goniculated portion of the valve having been broken off entirely, the sur- 
face of my sjiecimen shows the reticulate ornamentation only, restricted to the 
posterior portico of complete forms. The longitudinal strite are very numer- 
ous and somewhat irregular. The concentric wrinkles are more strongly marked. 

u 2 
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Among them those wrinkles, which are situated in the vicinity of the apex, meet 
the cardinal horder at right angles or are even slightly converging towards the 
Iwak, whilst those, which are situated on the visceral portion of the valve follow 
the marginal curves in their direction and are consequently turned outwardly to- 
wards the cardinal angles. 

My specimen is too incomplete to allow exact measurements to be given. 

Locality and geological ponition ; number of tpecimeiu examined.— 8 hales with 
limestone partingB containing Prodvcttu Abichi, Chonete* grandicotta and Morgi 
nifera himalayenttU, western summit of a ridge North-Eabt Frongam Tral, Kash- 
mir ; Coll. Lydekkcr ; 1. 

Remark*.— This species belongs to a series of forms, which ranging from Silu- 
rian into permo-carbonifcrous deposits, are changing so slightly in their shape and 
sculpture that the majority of palaeontologists are inclined to consider them as 
variations of a singlo species only. L. dc Koninok (Kechert-hes sur les foss. pal 
de la Nouvelle Galles du Sud, p. 210), however, does not share in this view, but be- 
lieves the carboniferous St. analoga to differ by a few though very subordinate con. 
stant characters from its silurian and devonian allieB. 

St. analoga, in L. de Koninck's circumscription of this species, is a form of a 
tolerahlv lave geographical and geological distribution. It is known from the 
lower carboniferous deposits of western Europe and of Nova Scotia, from the upper 
carboniferous rocks of Queensland and of New South-Wales, and from the pernio- 
carboniferous limestone of Barents' Island (North* West Nowaja Semla). With the 
specimens which have been collected from the last mentioned locality by Hcefrr 
and described by Toula, Ljdekker's example from Kashmir resembles most closely 
by the comparatively strong convexity of its ventral valve. 

A very large form of a Strophomena has been figured by Dr. Verohere. 
But the author does not state whether it was obtained from the Zewan beds tA 
Kashmir or from the Productus limestone of the Salt Range. 

8ub.fnmilr : OKTHoTHEm.fi, Waagen. 
Genus: DERBYIA, Waagen. 
Derbyu. cf. senilis, Phillips. PL VI, figs. 5, 6. 

18M. Spirifer temilu. Phillip*. G»oli>*r «' York»hiro. Vol. II, PL IX, fig &■ 

1861. StrtptarhpcAf ermislHa nr. ttmilu, D»»id»oe, Monograph BritUh <axbonifenua Brick iopodn, p. 

lit, PI. XX VII, fig.. «, S, « PI. XXX, Sg«. 13, 14 (rorfrri* ettlnii). 
Iffl6. ttnptorkfnchmi erenitlria, Dmtid»on, Quart. Jouro. Qt>A. Hoc, London, Vol. XXII, p. 42, PI. II, 

fig. 10. 

i860. StrtPtorynrhus ertnittria par. senilis (?) Bo«a>er CeLei ein* KobVpkftlk'fMiiia von dot WotakaMi.- 

too Souuln, Ptlnson togrmph Km, i7 Id., p. 0. 
11*0. Oritatkclf ctr^Mtria Mr. w, Ihboridgo joa., Proceed. Rnyil Pn. 800. of Edinburgh, p.i&S, 

PL VII, figi. 18-15. 

1S63. Orthuhetii ermitiria par, ttnitit. K»]Mi, Obrairbofiiteb* F»«B» too Loping, Rluhtbo(«n'i "Chin*," 

IV. Bd, p. 178, PI. XXIII. (** 1—7. 
ISO*. Dtrbyia W«g»n. Soil Kongo Poojili.PoL lod, »rr. XIII. V«L I. Prod. Linxt. Poo., p.m. 

IBS! Dtrtyia »«*■/«, Kthoridgc jcn., Juk mci Kth«ridg», a«olcgj >od P»l»)Oiitolf«j of Qnmulaod Mid 

No« Gob**, p. i4fl, PI 18, lip. 1--*. 
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It is with great reserve only that I refer Borne of the numerous fragments from 
the carboniferous rooks of Kashmir which have been identified with Orthothetct ere 
nutria by Davidson to the present species As has been gtated by Professor Waagen 
himself, a distinction of the different species whicb he introduced in his genus 
Derbyia is extremely difficult "as the forms are very variable and seemed to be linked 
together by more or less numerous transitional shapes." A specific distinction there- 
fore becomes impossible, if one has to do with fragmentary specimens. 

Among my materials of Derbyia, accepting Waagen's Boporation of this genus and 
Orthothetes, there is only one single, fairly complete dorsal valve. It is on account 
<>f its strong similarity to the British and Chinese types of Derbyia senili* that I 
refer a few fragments of ventral valves to the same genus, although no trace of 
the characters, which led Waagon to a generic distinction between Streptorhynchus, 
Derbyia and Orthothetes, has been preserved in any of my specimens. 

The dorsal valve, which alone, among all the rest of fragments provisionally 
referred to this species, is fairly complete, appears to me to have a stronger affinitv 
with Derbyia senilis, than with any of the species described from the Productua 
Limestone of the Salt Range by Waagen, or from the upper carboniferous limestone 
of the Krone by Schellwien. It agrees almost perfectly with the British specimen 
figured by Davidson on PI. XXVII, fig. 8 of his monograph. It is moderately 
convex, but the regularity of the ourve is slightly deformed by pressure. No dis- 
tinct median furrow has been noticed. The hinge-line is considerably shorter than 
the greatest width of the shell. In this respect the present specimen is also mo&t 
closely allied to tho British form from Bolland and to the Chinese types from 
Loping, described by Kayser, but distinctly differs from all the Salt Range speeies 
of the group of D. senilis. Etheridge's type specimens of D. senilis from Queens- 
land are likewise provided with a short hinge-line and therefore agree best with 
the Himalayan and Chinese types. 

Towards both ends of the hinge-line the valve is somewhat flattened. Thus two 
Bned wings are formed on each side. The frontal line seems to be nearly 
, not depressed in the middle 
The surface of this valve is ornamented with numerous radiating stria? of un- 
equal strength. These strim, the edges of which appear locally crenelated by the 
Intersection of concentric wrinkles, are somewhat irregular, often flexuous and 
dichotomising. 

The measurements of this specimen are as follow : 

Unjfth ot tb. dorttl .„.. 

>r~nb .. ; ; ; ; \ \ \-^ mm - 

Thickiww .!."."* 4 " 

Lwtgtb of tbe tringe-)i»« .... i A " 

• • » • • .14,, 

Whereas this specimen may be referred to Derbyia senilis with great pro. 
bability. although I am not convinced of its identity with the latter species, the 
appurtenance of several other fragments to the genus Derbyia is much more 
doubtful. One of the more complete, which has been figured on PI. VI, fig. 6 of this 
memoir, exhibits the peculiar semiconic shape of the valve and the step-like 
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interruptions in the sculpture " produced by two or three very large and irregular 
conoentric undulations," which are among tbe leading features of D. senilis. These 
are however the only claims my fragment can pat in for A comparison with tbe 
present species. 

Locality and geological petition ; number of specimen* examined, — Micaceous 
shales with Spirifer Musakheylensis and numerous Bryotoa, Barm ; Coll. Godwin- 
Austcn ; 4. 

Bemarks.— The large list of synonyms given for Streptorhynchus crenutria 
by L. de Koninck cannot be accepted for the present species, if the latter is taken 
in the narrow circumscription, which has been proposed by Waagen. Following 
the interpretation of that learned author, none of the American or Spitsbergen 
forms of the genus can be united with Derbyia senilis. 

The true D. senilis has hitherto only been described from the mountain lime- 
stone of Western Europe and from the upper carboniferous deposits of China, 
Australia and (r) Sumatra. Its presence in the permian rocks of Timor is as yet 
very doubtful. 

8ub-order: BELICOPEQM ATA, TTaagen. 



Family : NVCLEOSPIRIDjB, Davidson. 

Subfamily: UETZIINjE, Waagen. 

Sub-genus: EUMETRIA, Hall. 
1. Eumetbia ct. orahdioosta, Davidson. PI. VI, fig. 10. 

ISSS. Bttsia raiiaiU tar. yrW.rwta, Dividwo, Qwt. Jouttv. GwL Loodoo, VoL XVIII, p. 2S. PL I, 
Kg. 6. 

)86S. Retuia radialU. PbUl., rar. grandieeita, DaTidien, ia L. do Koninck, Memoir* acr lea foatUea palfo. 

toiqtiee, rewoillin deal I'lode, p. 39, PL IX, 6g. 5. 
1SS7. Blfiia rWnlii ear. oronrfirojfe, Verctiirr, KtuLmii, Ike Wntm UittiUvs and tbe Afghan Mb- 

Jcnrn. Aiuit. Boo. of Bengal, XXXVI. Fu S, No. 3. p. 2X1. 
1862. S. graudieoita, KaTnr, Obercar-hoiiiech* Fauna tod. LoptBg, fiichthofen 'i " China." IV Yd., p. 176. 
1684. .EWnflfri'a graad»cotia 9 Waag?n t Salt Jiang* Food., Pal. Ind., jor. XIII. Vol. I. Prudaclaa Limeet- 

Fom., p. 401, Fl. XXXIV. figt. 6-12. 
1SS0. JtHtia graadieeila. Nikitio. Ufo. C<nail< Gf»L St- Pot'uliooip. Vi-1. V. No. 6, p SB, Taf. Ill, £gi. 

9-11. 

1892. Jtrttia gftniieoita, Bo1b|letr., I; P«nn-Tria« »od Juralotmalun auf Ti«ie» u»d Botti Talasn. 
ttgrapbioa, t» Bd., p. 83. Taf. X. fig. 11. 

Two incomplete forms of a small brachiopod with a punctate shell struc- 
ture and with radiating costn? have been obtained from tbe carboniferous rocks 
near Eishmakam by R. Lydekker. I think there can bo but little doubt that the 
species is a representative of the genus R etzia or of its sub-genus Fumetria. It is 
not impossible that we aro dealing here indeed with the widely distributed 
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Eumetria grandicotta, but the state of preservation of my specimens does not war- 
rant a certain identification. 

The more complete one of my two forms is a little longer tban largo, and 
provided with moderately and evenly oonvcx valves. The beak of tbe ventral 
valve has unfortunately been broken off. Neither a sinus nor a median fold is 
developed in any of the two valves. Each valve bean about eight or ten prominent 
costae, which are distinctly rounded on their tops. Their exact number cannot bo 
made out, because the lateral portions of tho shell are partly covered by the tough, 
ndhering matrix, which I have not been able to remove. 

In my second specimen consisting of a dorsal valve, nine ribs are counted. 
The median rib does not surpass the others in strength. 

The shell is punctate. ' 

The measurements of the figured specimen are, approximately! as follow : — 

Ln.gtholll.eiMl o». 7 »». 

„ ,. donslTiln 6 

BnwlU. of tt. .li.ll » 5 . 

Tli)uk»«a* of tb» tvo »I<M . X'5 ,. 

The reference of this shell to Etimetria grandicotta is provisional only, although 
it seems to exhibit a stronger resemblance to this species than to the rest of 
congeneric forms. From E. %tlot r \x, de Koninck, or from E. indica, Waagen, it 
differs by the greator number and by the less prominent character of its coslaj. In 
Retzia radtalit, Phill., the number of ribs is, as a rule, larger, and in typical 
shapes at least a median sinus or corresponding fold is developed. With Bcttia 
ptcudocardium, Nikitin, a ctoser comparison is scarcely necessary. From Bctzia 
Mormonii, Marrou, (Geology of North America, PL VI, fig. 11), it is distinguished 
by its less globose shell. 

A similar remark applies to Betzia comprena, Meek (Palaeontology of California, 
Vol. I, p. li, PI. II, fig. 7), which is, however, very oloscly allied to my Kashmir 
specimons and specially agrees with tlicm perfectly well in size and number of ribs. 
It is therefore not impossible that a larger number of hotter preserved types of tho 
present species might provo tbe latter to be rather a variety of Retzia compre*sa 
than of Eumetrit grandicotta. 

Locality and geological petition ; number of tpeciment examined.— 'Dark lime- 
stone, crowded with young individuals of indeterminable braohiopods, Eishmakam, 
Kashmir Valley ; Coll. Lydekkor ; 2. 

Jtemarkt. — In tho Salt Range Eumetria grandicotta is equally distributed 
throughout the entire thickness of the Productus limestone, with the only exception 
of the Chidru beds. It has been, moroovor, descrilwd from the Gsholian stage of the 
carboniferous system in Central Russia by Nikitin and from the permian rocks of 
Timor by Rothpletz. 

Beltia compretta is quoted from the anthracolitbio rocks of California by Meek 
and from the upper carboniferous Futulina limestone of Loping in China by 
Kaysor. 
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Family: aTIJFRIDjB, Phillips. 
8ub.family : ATHYKINJ5, Waagen. 
Genus: ATHYRIS, M'Coy. 
(Spirigk&a, d'Orbigny.) 

The family Athyrida is represented among the braokiopoda from the anthra- 
eolithio rocks of Kashmir and 8piti by the genus Athyria only. 

The sub-gonus SpiHgerella, Waagen, which is bo largely represented in the Salt 
Range, is entirely absent from my fossil materials from the North- Western Hima- 
layas. I must lay a special stress on this fact because Waagen himself supposed 
Davidson's and Verche-ro's Atbyrit tubttlita from Kashmir to be identical with 
Spirigerella Derby*, an identification in which this learned author has however 
been mistaken. 

Among the representatives of the genus Athyrit in the Geological Survey's Hi- 
malayan collection from Kashmir andSpiti the throe following species can bedistin- 
guished :— 

1. Atiyrit GerarJi, nov. ep. 
i. A. cf. rtpanta, Phillip*. 
3. A. fbtilita, Hill. 

The first is restricted to the Kuling shales of Spiti, the two others have been 
obtained from the upper carboniferous beds of Kashmir. 

Besides these three species Athyris ef. Jtoystii, Lev., and A, Budhitta have 
been quoted from the Zewan beds of Kashmir by Dr. Verchore. 

1. Atetkis Gbraedi, nov. sp. PI. VI, figs. 12, 13, U. 

1897. Atiyrit Roftiii, Dieacr, « pari*, HiiuiUjM P«il>, Ptlmmtokigi* Indict, Mr. XV, Vol. I, Pt 4. 
Tbe (lank of tke prrinltB Predsetiii lUa of JoMr tad Painkhindt, PI. V, tg. ft {nam 1). 

In my monograph of the brachiopoda obtained by Griesbach from the permian 
Productus shales of Johar and Painkhanda, I identified the present shell with 
Athyris Roystii, Levcilll, the materials then at my command not being sufficient to 
enable me to introduce a new species. A number of better preserved forms 
having subsequently turned up from Dr. Gerard's collections from the Kulinsr 
shales of 8piti, I was able to assure myself that they differ from A. Roystii by 
some constant features. The differences, which might be established between 
them, are of a similar character to those which induoed Count A. de Keyserling 
(Wissenschaftliche Beobachtungen auf einer Reise in das PeUohoraland, St, Peters- 
burg, 1816, p. 237) to separate A. Royuiaua from A. Royttii. 

As leading features of this species the following ought to be considered. The 
shell attains a larger size than in any of the hitherto described forms cf Athyris. 
The ventral valve is almost perfectly flat and the difference in the inflation of the 
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two Takes is much more remarkable than in A. BoyttU or in A. Boyttiana. With 
the latter Bpeciea the present one agrees in the presence of an uncommonly large 
apical angle, which in fall-grown individuals attains about 160°, and in the small 
size of the beak, which barely overhangs the hinge-margin. A remarkable differ- 
ence between the ilimilayau and the Russian Bpecies exists, however, in the shape 
of the mesial sinus. In A. Boyttiana the sinus is rather strongly developed and 
shaped into a highly prominent tongue, which is bordered by parallel margins. In 
A. Oerardi the sinus is but slightly impressed, in adolescent types of 15 mm, in 
length barely if at all perceptible, and in full grown individuals is always bor- 
dered by distinctly converging margins. 

The only two specimens, which I have been able to secure from the Froduotus 
shales of Eiunglung near the Niti Pass, were in a rather imperfect state of preserva- 
tion. I consequently failed in making out their characters of distinction with 
sufficient certainty so as to feel justified in separating them from Athyrit BoyttU (in 
a wider interpretation of this latter species than has been admitted by L. do Kon- 
inck). The -specimen, figured on PI. V, Pig. 7 of my above-quoted memoir, ought, 
however, to remain with A. BoyttU. Its sub-pentagonal outline, the Bmall size of 
its apical angle (100" only), and the presence of a well developed sinus are in favour 
of an identification with the latter species, I first thought this type to be linked 
to the true A. Oerardi by intermediate shapes, but this view I find no more tenable 
since numerous young forms of A. Oerardi from the Euling Shales of Spiti have 
come to my knowledge, which, although approaching in their outline and in the 
size of the apical angle the specimen from Kiunglung are constantly differing 
from the latter by the greater flatness of their ventral valves and by the absenoe of 
any distinctly marked sinus. I consequently deemed it preferable to leave this 
specimen with Athyrit Boyuii. 

The specimen from the Productus shales of the Chor Hoti, figured by Salter in 
the Palaeontology of Niti (p. 58, PI. V, fig. 13) ought, according to my humble opi- 
nion, likewise to be identified with A. Boyuii rather than with the present species. 

The measurements of a tolerably well preserved ventral valve are approxi- 



mately as follow :— 

Enfe. UngtW tie ikl! 40m. 

br»*4th #.•(•»* • • • • • . ■ > 62 *, 

ThicknM of tb« rmtrml nin J ( H 

A F u»1 io«l* of » - 146' 



My largest specimen attains an approximate length of 46 mm ..corresponding to 
a width of 60 mm. 

Locality end Geological portion; number of ipecimena examined. — Sandstone 
partings in the Kuling shales N. W. of Po, Spiti ; Coll. Gerard ; 7. 

Bemarkt. — Athyrit Gerardi must be added to the numerous elements peculiar 
to the fauna of the Productus shales, the large number of which imparts to the 
latter its characteristic aspect. The sandstone partings, in which this species occurs 
jn the Euling shales of Spiti, do not differ lithologically from the layers in which 
it has been found imbedded in Painkbanda, associated with Spirifer Mootakheylen- 
tit, Sp. Nitientit and Prvdudut gangeticu*. 
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8. Athtsis cp. EIPAN8A, Phillips. PL VI, fig. 1L 

1830. Sfiriftra up«M, Phillip., Otology of YotkiWn, Vol. II, p. 280, PL X, fig. la 
1*40. Atrjpa txjniua, Sowirrbj, 11 moral Concbocogr, PI. DCXVI1, fig. 1. 
1940. AWyjia fimtritt*, Bnwerby (an PhillptX ibidoiB, f g. 4- 

18ST- Air" Da»m»o«. Monograph Britnb oarU*. Braohiopod.. p. 81, PI. XVI. fig*. 14. 1C-1S. 

PI. XVII,tgi.l*S. 

1888. Attjri. «*«•«•, Kwtow. Mora oomitf g*»L St. Pttonboug. Vol. VI, p. 481. 

A single, rather poorly preserved specimen may be provisionally referred to 
this species. It is very transversely elliptical, nearly twice as broad as long. The 
ventral valve, which alone is accessible to observation, is very evenly copvex, bat 
not strongly inflated. No trace of a mesial sinus has been notioed. The ornament 
ttttion of the shell consists of numerous, concentric lines of growth, which an occa- 
sionally intersected by an indistinct radiating sculpture. 

The present specimen appears by its general shape and outline to be most 
closely allied to Atkyrfs expanta. From A. *ubexp<tn*a t TTaagen, it is distinguished 
by the absence of any mesial sinus and of fringed lateral expansions. 

The measurements of this specimen are approximately as follow 

Entire Iragth of tho voaUal vtin 23 mi, 

„ breadth „ 40 m 

„ thickotw „ „ n ....... . 4 

Apical angle of the mitral Talt* ...... oca. 140° 

Locality and Geological position I number of specimen* examined.— Thxk, mica* 
ceous shales N. of Khummn, near Pampur ; Coll. Lydekker ; 1. 

Remarks. — Athyrit expanse, Pbill., has boon quoted from the mountain lime? 
stone of England and Ireland by Davidson, and from the lower portion of the 
carboniferous limestone of Tsehcrdyn (Russia) by Krotow. 



8. Athybis auBTiirrA. Hall. PI. VII, flgs. 1-8. 

1842. a>.r^Bo,«Wi,cl OiWgii y> Voj»g.d.o. l'Amorioae Mdndioealo, T. Ill, 4 enw ptit, Ptlontalorio. 
p. 76, PL III. fig*. IMS. 

1848. Tmtoatmla nltUH*, Hall, in How ml Stwibury', Rtport of an tiploutian of tb* nlltj of tfai Oral 

Silt Lab of Utab. Philadelphia, p. 40», PL IV. fig*. 1, 8. 
ISfS. Tmbntmla -Uilita, Schiol, Paeino Hail road Roport, Vol. II, p. 108, PL I, fig. S. 

1866. T. tmhMU; Hall, ibidem, Vol. Ill, p. 101, PL II, Sg. 4. 

1847. Tnnbratitla initilit: Dandnwi, Mooogtaph Brituw Cub. Biachiopoda. p. 18, PL I, fig*. SI, JJ. 

1847. Aik,ru nttiiitt, Ihmdeoa, ibidem, p. 98. PL XVII, fixe. 8-10, 

1SS8. Ttrtbntula fbtilita, Maroon. Geology of North America, p. it, PI. VI, fig. 9. 

ISta TtrtbrotaU tuitilila, Ball, Report on tho Geological Boreej of Iowa, VoL I, PL X Pbhooat, p. 714. 

1B61. AUfru nbtilit*, 8a)Ur. Quart. Joan. Oecd. Soc London, VoL XVII, p. 64, PL IV, fig. 4. 

IMS. A. tuiiUUa, Darideoa, ibidem, VoL XIX, p. 170, PI. IX, fige. 4. S. 

1966. A. nUUUa, Darideoa, ibidem. Vol. XXII, p. 40, PL II, fig. 8. 

1808. A. lubtilit*. Ooinrta, CubaafarmatiOB ud Djae ia Knbnoka, p. 40, Taf. III. fign. 74. 

1867. A. luktilita, V prober*, Xaehmir, the Wraum Himabiya and the Aigbtn lite., .lourn. Atiel. Soc. of 

Bengal, Calcutta, Vol. XXXVI, Ft. II, No. S, pp. 803, 810. PL II, fig*. 1, La. 
196*. Spirit*™ UtifHt) tmbtUU; Took. Uobor am go Fotation del Kohleoktlke* tod Botiria, fiiUangn. 
bor. Kai*. Akad. d. W». Wien, math. aiX~, CL UX, BcL, I. Abba, p. 6, fig. A, 
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187J. Atkyru aMlit*. Me.*, final Report of tbg TJ. 8. OeoJ. Sum of Nobratfca, Pt II, p. 180, PI I 
Sg.U; PL V, Sg. » i PL VII, 6«. 4. 

1874. A. ™M*o, Derby (« e-r/e). on the oarbonifera,. kt.ohi.pod* of Itaitdba, Bull. Cornell Uamr.lt j, 

Itbao.. Vol. I, No. 8. p. 7. 

1875. A. nUilita, Toola. Boo KoMeoVmKf.nn* von dm Barata 1 oxhi, aHwimrA«r. Kaif. Altai, d 

Wi«. Win, bath. oat. CI. Bd. LXXI. I. Ahth. p.SW. 
1877. A.nbl,lita, MeoV. in CI. Kiax > Report of tb. V. 8 Gool-wioal Baploration of too lOth parallel, 

Vol. IV. Fabaonlotogj. p. 84, PI. VIII. ig. t. 
1877. Spirigm tnbtilUa. White, la Wheeler". Rapnrt apoo the D. B. Otologic*! 8ar», Weal of tlx on* 

bondndth Meridian, Vol. IV, Polmotk.lo^y. p, HI, PI. X, fiat. «. 
1884. Spihgtra n&tiliU, While, XITI, Aanoal Eoport of the OeoL. of Indiana, Pt. II, p. 1JS, PI XXXV, 

E(C». ti-9. 

18*7. Aikyris nMiiita, Ij. d« Koninck, Fauna da mlaiira aubonifcra d« In Belgiane, R hue ptie, Anaalee 
do Una*. Royal i- h»t. art. d. Beljriqoe, Urui.lle.. T- XtV, p. 73, PI. XVIII. fig,. 1-4, 7-10, 
12-28, PL XIX. &g%. 47-46. 

1897. A. tuHUita, Perrin Smith, Marina FoetiU from tie eoal-a>ca»re* of Arkansae, Pnxoed, Amor. 
PhUoe. Sac. VoL XXXV, No. 1SS, p. SI. 

This species, which is one of the most abundant and widespread carboniferous 
brachiopoda, has been quoted from the Barus or Zowan bods of Kashmir by Prof. 
Davidson in 1866 and by Vorchere in 1867. The correctness of this identification 
has been doubted by Waagen (Salt Range Foss., Pal. Indica, sor. XIII, Vol. IV, 
Geological Results, p. 165), who united the Himalayan species with Spirigerella 
Derbyi, Waag. This latter view has not, however, boon confirmed by my subsequent 
examination of a considerable number of types, collected by Godwin- Austen, 
Verchere and Lydekker in the carboniferous strata of the Kashmir Valley. In none 
of those specimens is the beak of the ventral valve firmly appressed to the apex of 
the dorsal ono, but always distinctly exhibits the moderately large foramon truncating 
its extremity. In the list of synonym* of Spirigerella Derbyi, givon in my memoir 
on the permian Produotus shales of Johar and Painkkdnda (Pt IV of the present 
volume), these Kashmir shells have been quoted on the authority of Waagen. This 
view I find, however, no m«re tenable. 

My specimens agree almost perfectly with some of tbg best figures which have 
been published up to the 'present of the American types of Athyrit tubtilita by 
Geinitz and Meek, and of the European ones by L. de Koninck. 

The ovoid shell is, as a rule, longer than wide, its greatest width being situated 
a little in advance of the middle. The ventral valve is somewhat tapering at the 
'beak, which is prominent, distinctly incurved and always pierced by a moderately 
large foramen. In the majority of my Kashmir specimons the two valves are almost 
equally convex, but not very strongly inflated. As has been noticed by L. de 
Koninck in some Belgian types 6f Athyrit tubtilita, the inflation occasionally 
becomes so strong that they can barely at all bo distinguished from A. globularit, 
Phill. Among my Ilimalayan specimens a similar shape never occurs. None of 
them is decidedly gibbous, not evett in adult age. A mesial sinus is nearly always 
present, but indicated only by a low median impression, which originates in the 
visceral region of the shell and corresponds to an elevated convex curve in the 
front margin. A distinct tongue-shaped process, corresponding to this frontal wave, 
so conspicuous in Spirigerella Derbyi, Waagen, especially in the car. aeuteplioata. 
is but rarely developed. 

i2 
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On the dorsal side of the ventral valve, laterally from the beak, a narrow 
false area extend" to the end of the hinge-line. It is marked off from the remainder 
of the shell by indistinct ridges. 

The dorsal valve is not quite equally curved in tho transverse direction hut 
is of a somewhat roof -shaped appearance, sloping from a broadly rounded median 
oreat in moderately convex planes towards the lateral margins. The beak is 
strongly incurved under that of tho opposite valve. 

Tho surface is nearly smooth or oovered with irregular, ooneentric stria* of 
growth only. In the majority of my specimens, however, the shell substance has 
been too strongly injured by weathering to allow anything of the minor details 
of its ornamentation being noticed. 

The measurements of a fairly complete specimen (fig. 1) are as follow :— 



BrfiwlragtWtWilwn U S mm. 

Lnpth of lb. dcnal 231 » 

Satin brad* of th. .Ml M . 

Thickon. ol both nlw 16 „ 

ApiuJ .agio of the rentrtl nln 81* 



Of the internal structure nothing is to be made out in any of my specimens. 

Locality and Geological petition; number of tpecimmt examined. — Coarse, 
grey limestone, north of Khutnmuu, near Pampur, Kashmir Valley ; Call. Lydekkor, 
9 ; Coll. Godwin- Austen, 5 ; Zawoor, Kashmir Valley, Zewan beds, Verchere. 

Bemarkt — Athyrit tubtiUta is a very common and widespread species, 
ranging throughout the entire carboniferous system into pernio- carboniferous and 
perhaps even into still higher permian deposits. It has been quoted from the 
United States of North America, from Nova Scotia, Bolivia, Brazil, Western 
Europe and Barents Island by various authors. 

Meek advocates the identity of Athyrit tubtiUta, Hall, with a shell from 
the upper coal-measures of Illinois, which had been described as Terebratula argmtea 
by Shepard in 1838. Tho figure given by that author in the American Journal of 
Soicnce (Vol. XXXIV, fig. 8) does not however agree with adult forms of 
A. tubtiUta. Shepard's original type not having been found up to present, its claims 
of priority to the name of that species are as yet very uncertain. Meek's question, 
whether the present shell ought not to be called A. Peruviana, because A. d'Orbigny 
figured it in 1847 under the name of Terebratula Peruviana, must also be 
answered in the negative. The name Terebratula Peruviana has been given 
erroneously in the Plate of d'Orbigny'a monograph, whilst in the text it is applied 
to a very different species from devonian rocks (Voyage dans I'Amdrique Mdridio- 
nale, T. Ill, Paleont p. 86, PI. II, figs. 22-25). 

Spirigero prolea tar. tubtiUta, Abich (Qeologische Foruschnngen in den 
Kaukasischen Laendern, I, Th. Eine Bergkalkfauna aus der Araxesenge bei Djulfa, 
p. 69, Taf. VIII, figs. 10, 11) has nothing to do with the true Athyrit tubtiUta, 
as has been remarked by Val. von Moeller and by Botbpletz. 

A species which is probably very closely allied to the present one has been 
described and figured as Athyrit Buddkitta by Dr. Verchere (1. c p. 210, PL U, 
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figs. 2, 2a, 25). This species, which has been collected in the Zewao beds of 
Kashmir, seems to differ from A. tubtilita by its strongly attenuated apical region 
and by the presence of a sharp median fold in the dorsal valve. No specimen 
resembling Dr. Vercliere's illustration has come to my notioe. Provided this 
illustration be correct, Mhyrit Buddhitta should be considered as an independent 
species. 

Family : 8PJR1PSR1DjS, d'Orbigny. 
Subfamily: 8UES8I1N.B, Waagen. 
Genus: 8PIRIFBBINA, d'Orbigny. 
1. SriaiPBMNA ct. Kbhtuckixsis, 8humard. PI. V, figs. 11, 12. 

1868. Spirtftr floptical—, HtU. In Hemad Staaabvr;'* Export a* lit Exptantiao of lot V»% °f tlu 

Ontt 8tlt bb .0 Ctok, p. 409. PL XI, fig. 4. 
I&66 Bpirtftr Jitntutktun*. Bfcmnml. Geological 8 array of MiMoari, p. 208. 
1886.' AW** XtUnkn*. Hilt, P-rifc R*itrW B.port. Vol. III. p. 10$, PI II. «n 10, lL 
1968. W •««■ <— M'C.,).C«k«f.™.U<»»odD JM l« H.b<~kj, p. 46. 1W. II. 

fig. lv. 

1867. Sfinftrt orleplieiU* r«r. InuxrM, V«rcn»f», Kashmir, th« Waters Him»]»T» ud tfcaSfgtin 
MU.. Jottto. A.-t- 8oc. of B-jiJ.Ck.M*, VoL XXXYl. PI. 8, p. 810, PI. I. fig*. 8, So, 8i. 

1878. Spiti/triM jr«rfwfo«M, M«k, PtlMttology «f B»t«r» N.otuk* Id FImI bp. upon ti. U.S. 
GrfL Suit, of N«*i».k», p. 186, Pi. VI, fig. 8, PL VIII. fig. 11. 

1877. $p- Kntutkt*ii: Whit*, in Wb«W. BBportapooU. 8. Gwlogioal Snmri W. oftbooo* huo- 
dnitfa KttidUa. VoL IV. FnU.cntt.U-.gjr. p. 188, PI. X, fig. 4. 

Numerous casts and external impressions of dorsal valves of a strongly trans- 
verse Spiriferina have been collected in the Zewan beds of Kashmir both by Capt. 
Godwin-Austen and by Dr. Verchcre. Curiously enough, dorsal valves only are 
represented among the materials available to me for examination. 8ome of them 
which are tolerably well preserved, though none is complete, closely resemble 
Spiriferina Kenluckentit from the North American coal-measures. I consequently 
thought it advisable to refer them provisionally to that species, although I do not 
venture on a direct identification, having regard to the absence of any ventral 
▼alves among my materials. 

Among four better preserved dorsal valves two are quite as large as the speci- 
men from the coal-measures of Nebraska, figured by Meek on PI. VI, fig. 3 of his 
above-quoted memoir. They are very strongly transverse, of a sub-fusiform shape, 
terminating in slender attenuated ears. The hinge-line corresponds to the greatest 
width of the shell. On each side of the mesial fold from three to five simple pro- 
minent ribs are distributed. All the ribs are slightly rounded on their crests and 
separated from each other by deep V shaped valleys, whioh are sharply rounded at 
the bottom. The first plications on each side of the mesial fold are but slightly 
inferior in size to the latter. 

The surface is ornamented with very numerous prominent and closely- 
crowded lines of growth. This concentric sculpture is so strong as to hide almost 
completely the granulated structure of the shell substanoe. 
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'tit tho ventral vzdve the impression of the beak and area only are preserved 
m one of my specimens (PI. V, flg. 12). In this specimen tbe greatest width of the 
dorsal valve is "24 mm., corresponding to a length of 11 mm., and to a length of the 
entire shell of IS mm. 

Locality and Geological position; number of $pecimens examined.— Zewan beds, 
Kashmir Valley ; shales and micaceouB limestones with numerous Bryozoa, Spirifer 
Mutakheylensis, Derbyia of. senilis, etc.; Coll. Godwin- Austen, 4 ; Coll. Veroh&re, 2. 

Remarks — Among all the hitherto described species of Spiriferina there is 
only the present one to which my specimens from Kashmir may be advantageously 
compared. The sub-fusiform shape and the strong concentric ornamentation clearly 
distinguish them from Spiriferina eristata, Bohloth., and Sp. octoplicata. Sow. They 
likewise differ by their sub-fusiform shape and long hinge-line from Sp. insculpta, 
Phil]., and Sp. omata, Waag., with which they havo the distinct concentric orna- 
mentation in common. The only European species, which my Kashmir forms 
resemble more closely, is Sp. pet acuta, de Koninck (Faunc du calcaire carbonifere 
de la Belgique, Annates du Musee Royal d' hist nat., T. XIV, 6 erne ptie,, p. 101, 
PL XXII, figs. 66-61) from the mountain-limestone of Belgium and Ireland. A 
remarkable difference consists, however, in the largor size of the dorsal median fold 
in Sp. peracuta whioh, according to L. de Koninck's description, is twice as large 
as the neighbouring lateral ribs, whereas it scarcely surpasses them in size in my 
Himalayan shell. 

Spiriferina laminota, M'Coy, which has been erroneously identified with Sp. 
Kentuckensii, by Oeinitz, is easily distinguished from the latter by its much larger 
size and the broad area of tbe ventral valve. 

The shells described and figured as Spiriferina octoplicata Tar, transversa 
by Verohfcre, will probably fall within this species. I am led to this conclusion, 
which might scarcely be drawn from Verchere's exceedingly bad figures, by the 
examination of two specimens collected by that author in the Zewan bods of the 
Kashmir Valley. 

As one of the chief characteristics of Spiriferina Eentuckemu lies in tho shape 
of tho sinus of the ventral valve, the reference of my specimens, which are dorsal 
valves only, to this American species, must yet remain provisional. 

Spiriferina Rentuckentis is a common species in the carboniferous and permo- 
carboniferouB strata of Kentucky, Illinois, Missouri, Iowa, Nebraska, Kansas, Utah, 
New -Mexico, Arizona and Texas, but does not descend into beds of sub-carboniferous 



Sub-family : DELTHYRIXAE, Waagen. 
Oonus : 8PIRIFEB, Bowcrby. 

The genus Spirifer is rather richly represented in the anthracolithic system 
of Kashmir and Spiti. Not less than ton species are counted among the materials 
examined by Prof. Dav idson and myself, although one-half of this number only are 
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sufficiently complete to allow of a satisfactory diagnosis of their specific characters 
being given. 

These species may be grouped most conveniently in the following manner 

I. Oiocp or Spitiras nscioe*, Kejwrl. 
1. Spirifer ilmiaHtyUntu, Davidaon. 
I. Sp. ,p. Ud., af. M„.He 1 len. u . 
a. Sp. Mtvntit, Di«Dcr. 

II. Group or Spirihr tbioonaus, Miit. 
4. Spirifer ef. Triangular*', M&rtin. 

III. Group or Sruirat pisoois, Sowerby. 
6. fyirifer Fihiantu, DavidiOO. 

IV. Gaocr or Spiritbh Buih, Salter. 

6. Spirifer Rajah, Salter. 

7. Sp. $p. iad., tff. Rajah. 

V. Giogp or Spwpbk Clarkii, da Kon. 

8. Spiriftr LydtHeri, nor. ap» 

9. Sp. ip, ind. tat. af. Lydtkieri. 

VI. Group or Spiripo At»TU«, ^cblotij. 
10. 8piriftr Kaiimeritmit, Davidaon. 

Of all these species eight are entirely restricted to the anthraoolithic rocks of 
the Himalayas. Among them Spirifer Zydekkeri and its allies are of a special 
interest, on account of their relationship to the Australian Sp. Clarkei, whilst Spirifer 
Rajah exhibits a close affinity to Arctic types from Spitsbergen Two species only 
occur also in the carboniferous system of Europe ; these are Sp. Jdutakheylensis and 
Sp. trianguhrit, while a third one, Sp. vihianiu, is very closely allied to the 
European Sp. pinguia. 

I. Gbocp or 8piei»*e fascigkb, Ketserxing. 

1. SPIEJPER MU8AKHBY1EK8IS, Davidson, PI. V, figs. 3—7. 
186S. Spiriftr UootaHtjUiuU, IfcTidaoD. Quart Jo«. C*»l. Lmdoo, Val. XVIII, p. 88, PL II, fig. 8. 

To the list of synonyms, given in Part IV of the present volume, the following 
ought to be added : — 

1887. Sp. Jlfakhfllut,, Vcrckinv Joan. AiiaL 8m. ol Ben(a), VoL XXXVI, ft 8, p. SIO, PJ. Ill, 
fig., i, la. 

1890. 8p. MtahhtfUntu Mr. tustratU. Foard, Not*, an tba Palmotoiogr of Warfare AutralU, G<ol. 
HiffUiBt, Now *M, O*oad« III. V»l. VII. p. 147, PI. VII, fig. 8. 

This species is very common, both in the Zewan beds of Kashmir and in the 
Ruling shales of 8piti, but no complete specimen has been noticed among the 
materials available to me for examination, ventral and dorsal valves being nearly 
always met with separately. 
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To the detailed description of the specimens from the Productus shales of 
Johir and Fainkhinda I have but little to add. 

In spite of the great variability of the shapes there is not a single one among 
my specimens from the anthracolithic rocks of Kashmir and Spiti which agrees with 
either Spirifer fatciger, Keyserling, or with Sp. tegulattu, Trantschold. The folds, cor- 
responding to tho fasciculi of ribs, arc invariably rounded but never provided with 
acute edges, as in Gruenewaldt's and Tsohernyschew's type- specimens of Sp. fatciger. 
The lamellose character of the stria* of growth is distinctly developed in the majority 
of my forms, but the peculiar sculpture of Sp. Uguiatut, reminding one of a tiled 
roof, has not been noticed in any of my Indian representatives of this group. Some 
of my specimens from the Kuling shales of Spiti agree perfectly well with the type 
from the Froductus shales of Euling, figured on PI. V, fig. 1 of Pt. IV of the pre- 
sent volume by the unusually flat convexity of their folds. 

The specimens from tho Kuling shales of Spiti attain very considerable dimen- 
sions, the largest specimen collected by Dr. Gerard measuring about 60 mm. in 
length and 130 mm . in breadth. 

Of the internal characters of the ventral valve of this species some information 
has been gathered by an examination of the casts figured on PI. V, Figs. 5 and 7 of 
the present memoir. In the apical region the shell-substance is so extremely 
thickened that the dental plates and the outer walls of the valve are united into 
one solid shelly mass, on which the entire area rests. The muscular impulsions are 
distinctly marked. On each side of them the internal surface of the Bhell is covered 
with numerous irregular grooves, which on the cast are exhibited as rounded granu- 
lations. The ornamentation of the cast is very simple, consisting of a few broad 
and flat wavy folds only, while the ribbing of the external shell-surface is completely 
absent. 

Locality and Geological potition ; number of tpecimene examined.— Ze wan beds, 
Kashmir Valley, Coll. Godwin-Austen, 6, Coll. Lydekker, 1 ; Euling Shales, Spiti 
Valley, Coll. Gerard, 8, Coll. Stolicska ; Khar, Coll. Griesbach, 1. 

Remark*. — The specimen from the carboniferous rocks of West Australia, 
described and figured as Spiri/er Mviokheylev»i$ tar. Auttralu, by Foord, does cer- 
tainly belong to the present species. Foord, stating the close resemblance of the 
Australian fossil to Davidson's types, note* the only difference between them 
to be that " the ornaments of the Australian species are perhaps a little coarser 
than those of the Indian one, i.e., the former has slightly larger and consequently 
fewer small ribs (comparing together individuals of the same size) than the latter and 
the imbricating lamella? exhibit the same divergence of character. It seems howeve,. 
scarcely necessary to regard tbese slight differences sb of more than varietal import 
anoe, especially if ono takes into account the variations in any large assemblage of 
brachiopods, as Davidson himself has so often demonstrated in his plates". 

That the Australian variety is included among tbe variations of the Himalayan 
Sp. Mvaakheylenrit, is clearly evident from an examination of the specimen from 
the Froductus shales of Kiunglung, figured on PL IV, Fig. 1, of my monograph of 
the fauna of the Productus shales (Pt. IV of the present volume). 
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This specimen exactly agrees with the Australian type of our species by its coarse 
ribs and lamellae. 1 

2. SriaiFEB cp. Nitixksis, Diener. PI. V, fig. 9. 

1807. Spiriffr ATi/Mwn'i, Diener, The Permiaa faun* vf tho Prod acta* Shale* of JohA*r and Painkbaada* 
PnL Iodine, e*r. XT, HlmaTajati Pontile. Vol. I, Pt 4, PI. IT. age. 4, S. 

The fragment of a ventral valve from the Ruling shales of Spiti agrees so per- 
fectly well in its outline and ornamentation with tbiB remarkable species that I 
do not hesitate to refer it to the latter, although its fragmentary condition may for- 
bid a direct identification. 

This fossil is almost of exactly the samo size as my type specimen from 
Kiunglung (PI. IV, fig. 5), though perhaps even a little more strongly transverse. 
It is moderately curved in the longitudinal, but quite flat in the transverse direc- 
tion. Its tolerably broad, reclining, parallel-sided and vertically-striated area is 
overlooked by the little pointed beak. The ornamentation consists of numerous 
ribs of unequal strength, arranged into fasciculi, each of which is composed of a 
small number of ribs only. On the wings tho fascicular arrangement of the ribs 
becomes gradually indistinct. All the ribs are flatly rounded at their crests. 

Locality and Geological poeition ; number of specimen* examined. — Sandstone 
partings in the Kuling ahales, with Athyrit Gerardi, Po, Spiti Valley ; ColL Gerard ; 
1. 

Remark*.— Spirifer NitienMt is a very characteristic species of tho permian 
Productus shales of Gurhwal. I know of no other species of tho genus Spirtfer 
to which the present fragment could be referred, its peculiar ornamentation com- 
bined with the strongly fusiform shape distinguishing it from all the rest of con- 
generic forms. 



8. Spibipkb sp. isd. aff. Mtjsakhkylbnsis. PL V, fig. 10. 

This interesting species, which in the Geological Survey's Himalayan collection 
from Kashmir is represented unfortunately by a single ventral valve only, seems to 
hold an intermediate position between Spirtfer Mntakheyletuit, Davidson, and Sp. 
Joharenii; Diener (Part IV of this volume, PI. IV, Fig. 3) from the permian Pro- 
duotus shales of Johar, but is mora closely allied to the former. 

It chiefly differs from Davidson's species by its stronger folds which are highly 
prominent and composed of a small number of secondary ribs only. There are not 
more than threo ribs present in each of the fasciculi in the vicinity of the sinus. 
Among them the median primary rib is a little stronger than the rest. The sinus 
not having been preserved in my fragment, I have not been able to state the pre- 

1 P. 5.— After bavin* eont Uii> paper to Calcutta he tin praea I hid an opjortnoitr of ftudjisg the beautiful ool- 
iMtiont at the CumlW gMogiqne d* It Ko«*i* at 8t Petenbargb, Prof. TeeheniTKbew, to whom I am indebted (or 
many valuable ittforautiua rejteidine; tho earDOfliforooe ffta*>» of the Ural Mu., im kind oaooKb. to ehow too % large 
aamber of epooiaioM of Spirtfir fencigir. KeYeerl. Bt their examination I hare been coaviafed of the ineuaVteney 
of the chwMieti on whioJi I thong-hi a epeeihe dietinetlon of Sp. Sfutailtjlmu and Sj>. fotigfr might bo bawd ; 
ooasriiiootly I nu longer object to Prof. TMherojeeti*"- riew a* to too tdoslitj of tho two loMMO. Pot the e-#r. 
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senoe of a mesial fold, as it is dovolopcd in Sp. Joharentit. The radial ornameuta* 
tiou is crossed by raised stria) of growth as in Sp. Mtuakheylentit. 

Tho present specimen is too fragmentary to allow of any exact measurements 
being taken. 

Locality and Qeological potUion; number oj specimens examined.— Dark.ebaly, 
micaceous limestones with Spirifer Ilusakhey lewis. Product us cf. undatus and 
numerous Bryozoa, Uarus, Kashmir Valloy ; Coll. Godwin-Austen ; 1. 

liemarfa. — A species, which the present specimon most closely resembles, 
has been figured and described by Toula (Permo-Carbon-Fossilicn von der Wost- 
kuestevon Spitzbergen, Neuos Jahrb. f. Miaeralogie, 1875, p. 210, Taf. VII, Fig. 3) 
as a variety of Sp, cimeratus, Morton. The Spitzbergen specimen from Axel Island 
for the loan of which I am indebted to Dr. Fuehs, Director of tho Imperial 
Museum of Natural History in Vienna, is likewise distinguished from Sp. camerattu 
and from Sp. JJusakheylewit by its strong folds, composed of a small number of 
secondary ribs only, as has been correctly remarked by Toula. Nevertheless I 
do not think that the Himalayan and Spitzbergen forms should bo united in 
the same species, since tho ribs composing tho fasciculi are equally strong in 
the latter but different in size among one another in the former specimen. 

The fragment, figured as Spirifer tp. ind. by Grucnewaldt (Beitraege zur 
Kenntniss der sedimenUeren Gebirgsformationen etc. Mem. Acad, implr. des sciences 
de 8t. Fetersbourg, VII, ser. T. II, 1800, p. 00, PI. V, fig. 4) might perhaps fall 
witbin the relationship of this species or of Spirifer Joharcnti*. 



II. GEorp op SPIRIFER TRIGONALIS, Mart. 
4. Spibifbb cp. triangularis, Martin. PI. V, fig. 5. 

1909. Omckiliiimit AmcmU's (riant/ ularit, Maltie. Pelrif. Derb., p. 10, P). XXXVI, % 8- 
1827. SpiriJ'tr trianjularit, Sowerby, Miner. Clinch, (imt lkit.. Vol. V), p. ISO. PL 6«2, figt 8, C. 
1£30. Spirt/rr IriavjHiarit, l'Lillint, (jrclogy of Yorltiliirr, Vol. II, p. 217, TL IX, fig, 12. 
ISiO. Sp. triangularis, L. v. Bach, MCm. Soo. d* Fraac*, T. IV, p. 1S2. PI. VIII, 11*. 5. 
1S43. $/>. triaugnUri,, L. d» Kotinck, IWtcr. dec uimiiii W du terrain mrlwnif. i, U B*gio,a«, 
p. 231, PI. XV, fig. 1. 

1844. Spiriftra otiorkynela, MCoj. Sjuopii. of the efcuwtcn of tit ettboa. ltmutoM W of Inland, 

p. US, PL X X I, fig. S. 
IHSi. Sp- trianjitlaru, Btmenow, Zetachr. Dentoobo OroL H«. Bd. VI, p. 830. 

1864, Spin/em otteripneka, M'Coy, lit*.-?, of Briticb Pabwuif, Pom. in tbe Cambridge Muwim. p. 41S, 
PI. Ill, 6s- 87. 

1857. Sp. trimjitlarit, Drridwn. Mmtgr. Britiib Cub. Bnchiopudt. pp. 27 tad 232, PI. V, fig*. 16-21, 
PI. L. 6gt- 10-17. 

1887. Sp. triangularis, L. in Kcnioclc, Fkbm dn Cale. Miborjifirs it U Bclgiqn*. Aiuulci da Mutac Rojal, 

d'ki»L ml. in B»lgi. 3 «», T. XIV, A *m» ptic, p. 124, PL XXIX. fig*. 7-15. 
1S88. Sp. triangnlaru, Krvtow, Mem. Com. Ofad. de U Raiale, St. Feienbourg, Vol. VI, p. 418. 

The existence of this as a Himalayan apeoies depends upon a fragmentary 
dorsal valve, ccllccted by Lydekker in a quartsitic sandstone near Eishmakam 
(Kashmir Valley). In shape it is very like some of the typos figured by Davidson 
and L. de Eoninck, hut slightly surpasses them in size. It is about twice aa broad 
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bb long, although exact measurements cannot be given, both the wings and the 
frontal portion of the mesial fold having been broken off. The most prominent 
character in the present valve is its strongly elevated, sharp, mesial fold, whioh 
"assumes the shape of a single, produced and acutely angular, cuneiform ridge or 
rib." Along the lateral slope of this central ridge two very low secondary folds are 
distinctly indicated, such as have been figured by L. de Koninck in his type 
specimen from Vis6 (PI. 29, fig. 7), or in Martin's original form, reproduced on 
PL V, Fig. 16 of Davidson's monograph. 

On either side of the mesial fold from six to seven single, obtusely rounded 
ribs ornament the lateral portions of the valve. They gradually diminish in 
strength towards the wings. Those situated near the extremities of the latter are 
but very faintly marked. 

My specimen having been partly injured by weathering, the delicate 
concentric ornamentation, whioh is peculiar to well preserved forms of Spirtfer 
triangularis is but indistinctly marked. Nevertheless in a few spots it is sufficiently 
well indicated to allow its prcscnoo to be stated with full oertainty. 

Locality and Geological position ; number of specimens examined. — Quartzitio 
sandstone of a rusty brown colour, near Eishmakam, Kashmir Valley ; Coll. Lydek- 
ker; 1. 

Remarks, — The present specimen, although very incomplete, so closely agrees 
with Spirifer triangularis in its general shape and sculpture, especially in the pre- 
sence of a prominent, cunoiform, mesial ridge, that I cannot refer it to any other 
species of the group of Sp. trigonali*. It will at any rate tend to show tho existence 
of this remarkable group in tbo anthracolithio rocks of the Kashmir Valley. 

Spirifer triangularis has been quoted from the mountain-limestone of Great 
Britain, Ireland, Beligum and Silesia by various authors, and from the upper car- 
boniferous strata of Central Russia by V. von Moeller and by Krotow. 

III. Gbotjp of SPIRIFER PINGUIS, Sowerby. 

i 

5. Spirifer Vidianus, Davidson. 

1S«« Spirlftn Vihina, Dividwn. Qn«rt Joonv. QttA. Soe.. London, Vol. XJII. p. i\, PI. II, fig. 4. 
1391. Sp. riW«, Vtuga, Stlt Ban** Fmiili. P»L Ind., Mr. XIII, VJ. IV, C«ol°pc«t RtttdU, p. 1«S. 

This beautiful species is, unfortunately, not represented in the Himalayan col- 
lection ontrusted to me for examination, but the figure and description given by 
Prof. Davidson are so excellent tliat from them a very good idea of its character 
can be formed. 

Davidson himself compared his now species to Spirifer pinguis, Sow., from which 
he found it to differ by its constant, well marked, median rib in tho sinus of the vent- 
ral valve. Tho rcsomblanoo of Sp. Fihianus to this common British form is indeed 
a very close one, especially to such shapes of Spirifer pinguis as are characterised 
by tho presence of a strongly marked, longitudinal groove in the mesial fold of 
the dorsal valve. 
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In the face of such features, Waagen's opinion " that Spirifer VihianuB appar- 
ently belongs to the same group of forms as Spirifer duodecimeottatut, M'Coy, and 
appoors to differ from that form solely by its greater number of ribs," has hardly 
ever boen admissible. It is certainly no more tenable, since M'Coy's Australian 
species has boon proved to belong to the genus Spiri/erina by Etherldge, jun. 
(Geology and Palaeontology of Queensland and Now Guinea, London, 1892, p. 234). 

A species, which needs a closer comparison to Sp. Vihianus, has been described 
and figured as Sp. Tarryanus by Toula (Pormo.carbon.Fossilicn von der Westkueste 
Ton Spitzbergen, Neues, Jahrb. f. Miner. 1875, p. 256, Taf. VII, fig. 8) from Hinlopen 
Straits in Spitzbergen. Tho name of this Spitzbergen shell must, however, be 
changed, since the priority of the denomination of Sp. Parryanus is claimed by a 
■ species from the devonian rookB of Iowa, described in 1858 by J. Hall (Report on 
Geological Survey of Iowa, Vol. I, Pt. 2, Palaeontology, p. 609, It IV, fig. 8). 
This species, for which I venture to propose the name of Sp. Latent, seems to hold 
an intermediate position between Sp. Vihlanu* and the group of Sp. Rajah, Salter. 
With the former it agrees in the presence of a deep longitudinal groove in the mesial 
fold of the dorsal valve, with the latter in the tendency to develop secondary ribs, 
originating from the massive primary costse. But in Sp. Zoveni this tendency 
atfects the two ribs bordering the mesial sinus and fold only, whereas in the two 
following costoo it is restricted to the immediate vicinity of the front margin. 
Whether the dorsal valve, marked erroneously as Fig. 7 instead of Bd on PI. VII of 
Toula's memoir, actually belongs to the same species as the throe ventral valves 
which by the kindness of Director Fuchs I have been able to examine, is yet doubt- 
ful, though highly probable. Tho reconstruction of the wings (not preserved) by the 
draughtsman is entirely misleading. 

The specimens described by Davidson were obtained from the anthracolithic 
rooks of Barus in tho Kashmir Valley. 



IV. Group of SPIRIFER RAJAH, Salter. 
6. Spirifer Rajah, Salter, PI. IV., Figs. 1—7, 11 V., Fig. 1. 

IMS. Spirifer Jfo/oi, Solttr, Pklmntologr of Slti, «tc., pp. $9 mi 111. 

ISM. Sp. AVi/iapi'i, 8!obctk», Geological Suction* kim ttie HimaVri Mta. from Wanjrta bridgo oa tkt 
mm S»rJ*j to guoicdo oo the Ib4u>, »U, Hen. Owl. Sure, of Iadit, Y»|. V, Pu I, p. 27. 

1M«. Sp. Bajak, DnvuUnn, Qaut. Jonrn. Owl. Boo., Loodoo, Tol. XXII, p. 40, PI. II, fig. 3. 

1867. Sp. Vrrcierti, d» Veneail, b V.rcbi™ : Ko.hn.ir, ti>. W-Um Him41»j. u d tie AfgUo Mts., Jo,,™. 
A.iotic See. of ftngtl. C*WU, VoL X, p. 206, PI. I, igu 1, U. 

1667. Sp. Bajai, V«roliir», ihidotn, p. 210. 

This elegant specios, one of the most remarkable among the brachiopoda of the 
anthracolithic system in the Himalayas, is very variable in shape, dimensions and 
relative proportions. The shell is, as a rule, longitudinally oval, or squaro-shaped 
sometimes sub-circular, as wide as long, very rarely even broader than long. The 
hinge-lino is always shorter than the greatest width of the shell. The cardinal 
angles, which are but exceptionally preserved, are acutely rounded. 
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The ventral valve is considerably deeper than the opposite one, and strot) ?ly 
vaulted in the either direotion. The beak is strongly incurred and prominent, 
in full-grown specimens (PI. IV, Fig. 5) approaching very nearly the apex of the 
dorsal valve. The area is moderately broad, distinct, concave and divided in the 
middle by a proportionately large, triangular fissure of equal height and width. It 
exhibits in well-preserved specimens an indistinct horizontal striation. A deep 
mesial sinus extends from the extremity of the beak to the front It is in general 
broadly rounded, but in a very small number of specimens, however, acutely so, at 
its bottom, and is invariably ornamented by a narrow, median, thread-like rib. 

The sculpture is rather variable. The surface of this valve is ornamented with 
from twelve to twenty broadly rounded ribs, which become gradually indistinct in 
the vicinity of the cardinal angles, whilst those bordering the mesial sinus are the 
largest and most prominent. Each of these flat broadly-vaultcd primary ribs is 
ornamented by a variable number of lower, secondary coste. In some forms, 
as in Davidson's type specimen or in the types figured on PI. IV, Figs. 1 and 7 of 
this memoir, these secondary oostoB are of equal strength and equidistant throughout 
their entire length. In the majority of my specimens, however, one or two of the 
secondary costso are again sub-divided into smaller ones of irregular strength and 
distance. The specimen figured on PI. IV, Fig. 4, is a good instanoo of this shape. 
The manifold transitions between these two extreme shapes prove their specifio 
identity; an opinion, which I havr founded on the minuto examination of more 
than fifty individuals. 

If the shelly substance has been partly injured by weathering, the secondary 
costffi gradually disappear, the flat primary ribB remaining solely. On such 
weathered specimens Spirifer Vercherei has been founded, which must conse- 
quently bo erased from the number of independent species. Among the forms 
collected by Dr. Verohcre and contained in the Geological Survey's Himilayan 
collections, there are several which agree pretty well with the illustrations of Sp. 
Vercherei given by that author, but are certainly nothing else but strongly- 
weathered individuals of Sp. Rajah. 

The dorsal valve is less strongly convex than the ventral one. It is almost 
equally curved in tho longitudinal direction on its lateral parts and along the 
median fold. A narrow but distinctly developed hinge-area is noticed below the 
tolerably prominent apex. The mesial fold is considerably elevated and shaped 
into a singlo, acutely rounded crest. At some distance from tho apex smallor 
lateral ribs are produced on either side, which in larger specimens become again 
sub-divided before reaching the front line. The lateral parts are likewise ornamented 
by rounded folds, simple at their origin, but soon producing on either side a 
smaller lateral rib, which is either single or dichotomous but always inferior in 
strength to the main rib. Tho intercostal depressions are regularly rounded. 

In weathered specimens, in which the details of tho sculpture are lost, the 
ornamentation consists of simple coarse radiating ribs only, as in the type figured 
as Sp. Vercherei by Verchcre (/. <?. Fig. la). 
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In perfectly preserved individuals the surface is marked on both valves with 
very delicate longitudinal stria;. The radiating sculpture is crossed by indistinct 
marks of growth of greater or lessor strength at irregular distances. 

The internal characters of the ventral valve are well exhibited in several of my 
specimens. The hinge-teeth are supported by two large diverging dental plates, 
forming the walla of the triangular fissure and extending into the interior of the 
valve for some distance. Between them a large portion of the free space at the 
bottom of the shell is occupied by the muscular impressions. On each side of tbe 
muscular impressions the interior of the shell is covered by numerous coarse 
granulations. 

Tho measurements of a pretty largo specimen (PI. IV, fig. 5.) are as follow :— 

Entire length of th« «£ mm. 

XeugtL of tli« donal ralw ......... 61 „ 

Cr»»t«t breadth uf tho tWI eo». 63 „ 

Langth of tb« hinga-liea W 

Tbkkn.M of both v»lw« IS „ 

Apical angla cf tba v«otnd vol?a 88" 

„ „ „ „ ilmial US' 

Locality and Geological position ; number of ajxeiment examined. — Ruling 
shales of Spiti, associated with Marginifera Uimalayemig, Knling, Coll. Gerard, 12, 
Coll. Stoliczka, 10, ColL Gricsbach, 3 ; Math, Coll. Stoliczka, 2 ; Lilang, Coll. Stoliczka, 
6; Spiti Valley (exact locality not known), Coll. Gerard, 0. All the forms from 
Kashmir, contained in the Geological Survey's Himalayan collection, are loose 
specimens. The majority, 21, have been obtained from Barus by Capt. Godwin- 
Austen. The exact locality, where the specimens collected by Dr. Verch6re (6) and 
by Lydekker (9), were picked up, has not bocn given on the accompanying labels. 
It cannot therefore be made out with certainty whether the species actually occurs 
in tho Zewan beds, or is restricted to the beds with Productut Abichi and 
Marginifera JIimalayen$ia, corresponding to the Ruling shales of Spiti, although 
the section, published by Capt. Godwin-Austen on p. 33 of his memoir on the 
carboniferous rocks of the Kashmir Valley (Quart. Journ., Geol. Sot, London, 
Vol. XXII.) is strongly in favour of tho former view. 

Remarks. — Spirifer Bajah belongs to a very remarkable group of this gonus, 
whioh is distinguished by the presenco of coarse fascioulatc ribs, and seems to 
exhibit a distant similarity to Sp. integricosta, Phill., among the mountain limestone 
forms of Western Europe. This group is represented by Sp. Tatmanientit, Morris, 
in Australia, by Sp. interplicaiut, Bothpletz, in Timor, by Sp. Tibetanut, Sp. Rajah, 
and a third yet very incompletely known species in the Himalayan, by Sp. Keilhavii, 
v. Buch., Sp. Zoveni, Diener {=Sp. Parryanut, Toula) and Sp. Wilczeki, Tonla, in 
Spitsbergen. 

Among these species Spirifer Keilhavii, v. Buch (Leber Spirifer Keilhavii 
fiber dessen Fundort und Verh»Unisszuahnlicbcn Formcn, Abbandlgn. Kcenigl. 
Akad. d. 'Wissonsch. Berlin, 1876, p. 65) seems to be most closely related to tbe 
present one. In general shape and sculpture they are indeed very similar, although 
points of difference forbidding their identification are not absent. These characters 
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chiefly consists in the absence of a median thread-like rib in the sinus of Sp. 
Keiiham, and in the shape of the mesial fold of the dorsal Talve. Tho latter is 
divided in the middle bj a broad and shallow longitudinal depression or groove, 
whereas it is shaped into a sharply -rounded crest in Sp. Rajah. 

Another species, which closely approaches tho present one, is Spirifer Tibeianus, 
Diener (Pt. Ill, of this volume, PI. VI, Figs. 1—7.) from tho permo-carboniferous 
limestone crag of Chitichun No. I, in Hundes. It is, howover, readily distinguished 
from Sp. Eajah by its short hinge-lino and area, which is much more triangular and 
broader in proportion to iU width. In its ornamentation Sp. Tibetanut chiefly 
resembles such shapes of Sp. Ilajah as are characterised by tho irregular 
strength of their secondary ribs (PL IV, Fig. i), but the dicbotomous character of 
the dorsal median fold in tho Tibetan species has not been noticed in the present 
form. 

Spirifer Loreni (=Sp. Parry anu$ t Toula, Neues, Jabrb. f, Min. 1875, p. 25G, 
Taf. VII, fig. 8) seems to hold an intermediate position between Sp. Eajah and 
Sp. Fihianut, as has been oxplainod more fully in tho description of tho latter 
species. 

Tho similarity to Spirifer TFUcteki, Toula (Kohlenkalk-FossUien von der 
Suedspitze von Spitzbergen, Sitzgsbor, Knis. Akad. d. "Wiss. Wien., LXVIII. Bd. 
p. 271, Taf. I, fig. 3), Sp. Taamanienm, Morris (in Strzelecki's Physical Description 
of Now South Wales and Vandiomensland, p. 280, PI. XV, figs. 8, 4) and Sp. 
interplicatut, Rothplots (Die Perm-Trias-und Jura Form, auf Timor und Itotti, 
Palocontographica, S9, Bd. 1892, p. 78, Taf. IX, fig. 6) is a more distant one. 
Among these species Spirifer Tasmanieneis, as figured by Morris, L. von Buch and 
L. de Koninck, is certainly least closely related to Sp, Eajah, from which it 
differs by its strongly-transverse shape, tho less prominent and differently 
sculptured dorsal median fold and by the longitudinal ornamentation of the sious. 

A species, which might also be compared to the group of forms as tho proto- 
type of which Spirifer Eajah ought to be considered, has been described and 
figured as Sp. TFaageni, Tschernyschcw (Mem. Comit<5 Gcol. 8. Pctersbourg, Vol. 
Ill, No. 4, p. £68, Taf. V, fig. 2), but the fasciculate arrangement of the secondary 
ribs seems to bo less distinctly developed in this Artinskian form. 

It is rather remarkable that no representative of this group has as yet been 
met with in the Productus limestone of tho Bait Bange, whereas both Sp. Eajah 
and Sp. tibctanve are among the most common and characteristic types of brachio- 
poda in the antliracolitluo rocks of tho Himalayas. 

No representative of this group has even been found in deposits of a lower oar- 

7. 8pittiPER sp. ind. ex aff. Sp. Rajah, PI. IV, Fig. 8. 
A species which seems to be very closely allied to tho preceding one, is repre- 
sented among Dr. Gerard's collections from tho Kuling shales of Spiti, although 
unfortunately, by an isolated dorsal valve only. This valve, which has been slightly 
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deformed by crushing, is somewhat square-shaped, wider than long, and provided 
with slightly-produced, attenuated wings, terminating in acutely rounded angles. 
The mesial fold is not strongly olovated above the general convexity of tho valve, 
but nevertheless considerably surpasses in strength all the rest of the radiating ribs. 
Tho latter are of the same character as in weathered specimens of Sp. Rajah. The 
majority of them arc single, but occasionally traces of the original secondary 
bifurcating costas arc still to be noticed. Concentric imbricating marks of growth 
are strongly developed. 

The chief difference between this species and Sp. Bajah consists in the shape of 
the median fold. It is composed of a single rib at its origin, and continues so for 
soma distance, when it becomes dichotomous. The two ribs, into which the original 
fold is thus splitting up, gradually increase in size towards the front, and arc separ- 
ated by a deep longitudinal valley, which is much more deeply excavated than the 
corresponding depression in Sp. Keilhacii, v. Buch 

The measurements of this valve are as follow : — 

Eolirt l*agth of tho donol Tab* V, mtu. 

„ bnwltb „ » * it „ 

Apia! ugl* „ „ „ ....... tea. lis* 

Locality \ and Geological petition ; number qf §peciment e xamined.— Kuling 
chales near Muth, Spiti ; Coll. Gerard ; 1. 

Bemarkt. — If we set aside Spiri/er Bajah and Sp. Keilhavii, there is a species 
from the anthracolithic rocks of Spitzbcrgen described by Toula (Kohlenkalk- 
Fossilien von der Suedspito von Spitsbergen, 8itzgsber. Kais. Akad. d. Wissensch 
Wien. Bd. LXVIII, p. 278, Taf. II, figs. 1, 2), to which the present one might be 
more especially compared. This species, of which the partly weathered dorsal valve 
only is known, agrees with my Ilimdlayan specimen in tho presence of a strongly 
dichotomous mesial rib, the two branches of which are separated by a deeply 
excavated valley. 

V. Group op SPIBIFER CLARKEI, de Kon. 
8. Spibipee Ltokkkesi nov. sp., PL III, Figs. 1-1. 

18M. Sfirtftr tp. ,W, D».id»n. Qmrt. J«n>.. Geol. 9oc, V«l XIII, p. SS, PI. I, fig. 4. 
1888. Sp. .trialw,. LvMUr. Men.., Qui. 8wt. ol India. VoL IX1I, II. II, fig. I 

No complete specimen of this interesting species has come to my knowledge, 
but besides a large number of well-preserved dorsal valves one internal cast and two 
decorticated external impressions of ventral valves have been discovered among 
the fossil materials collected by Lydekker. Thus a fairly clear idea of the character- 
istic features of the species may be formed from a comparison of the different 
specimens. 

The shell is rather variable in its dimensions, though always strongly transverse, 
more than twice as wide as long, the hinge-lino corresponding to tho greatest breadth 
of the shell. The lateral margins of each valve rapidly converge towards the ex- 
tremities of the hinge-line, being thus produced into attenuated little wings, tcrtni- 
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nating in acute cardinal angles. Both valves are only moderately and almost equally 
convex. 

I shall begin with the description of the dorsal valve which is more completely 
known to me. This valve is but little curved in cither direction. Transversely it is 
slightly depressed in the vicinity of the small, attenuated and pointed wings, and is 
divided by a prominent, large, median fold. This median fold is considerably ele- 
vated above the general convexity of the valve, broadly rounded above, nnd without 
any trace of secondary ribs. On each side of the median fold the lateral parts of the 
valve are ornamented by a variable number of single, straight, radiating ribs, which 
become gradually obsolete in the vicinity of the wings. In the specimen figured 
on PI. Ill, Fig. 2, about fifteen distinct ribs are counted on each side of the mesial 
ridge. In some forms they occur to the number of twenty. All the ribs are 
very regularly rounded above and separated by narrow rounded furrows which are 
far inferior to them in width. 

If the test is entirely preserved, the surface of the valve is covered all over by 
closely disposed, concentric, undulating lamince. But in the majority of my speci- 
mens this beautiful sculpture has been greatly injured or completely destroyed by 
weathering. 

In casts devoid of their test, as in the form figured on PL III, Fig. 6, or in 
Lydokkcr's typo specimen (PI. Ill, Fig. 7) faint concentric marks of growth only are 
occasionally noticed. 

In none of my numerous specimens has the apex boon preserved. It has boon 
either broken off or has been destroyed by weathering, thus partly exhibiting somo 
of the internal characters of the valve. The Figures 6, 7, 10 will give a better idea 
of them than any particular description. I need only remark their strong similarity 
to the internal features exhibited by Spirifer Lonadalei, as illustrated by Prof. 
Davidson (in Davidwn.Suess, Classification der Brachiopoden, Wien, 1856, PI. ILL 
fig. 4). The impressions of the adductor muscles are especially well preserved in 
the specimen, Fig. 6a. 

The measurements of two specimens, the larger of which has been collected in 
the dark-blue carboniferous rocks near Fishmakam, are as follow :— 

I. (Fig. 2a.) LI. (Fig. Ga.) 

Entire lmgth of tin doml nlr* . . . 48 mm. . . 81 into. 

M bradtb a „ * . • 8S » • 75 M 

„ thkkaoM „ ,. >. „ • . . 10 „ . . 10 „ 

The ventral valve of this species is represented among Lydekker's collection 
by an internal cast from Eishmakam, and by two external impressions from the 
Quartz sandstone of the Ladakh valley. 

This valve is provided with a moderately deep, mesial sinus, regularly rounded 
at the bottom and devoid of any longitudinal sculpture. Its lateral borders are 
sharply rounded. The ornamentation of the lateral parts is of exactly the same 
pattern as in the opposite valve. In tho specimon from Eishmakam the test Las 
been partly preserved in the vicinity of the front line. It exhibits tho concentric 
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lamellose condition, peculiar to complete forma of this species. The plaster, 
casts of the two external impressions, which have been reproduced in the Figures 5 
and 9 of PI. ILL represent strongly crushed and deformed individuals, but show 
pretty well both the radiating sculpture of the surface and the shape of the rounded 
anus strongly enlarged frontwards. Neither the apex nor the front line has been 
preserved. Tho anterior outline, as given in Fig. 5, ought not to bo mis Ui ken for the 
actual front of that specimen. 

The cast from Eishmakam exhibits the two strong diverging dental plates 
extending to a distance of more than one-third the entire length of the valve. 

The measurements of this specimen are as follow :— 

Eatif* Uogtb of tbt natnl t»1t» ....... 87 mo. 

» bmdtb „»..,.. . .cm. SO „ 

Width of lb* urn 13 „ 

Apiotl »ngle 1*6" 

Locality and Geological potition ; number of$pecimen$ examined.— Dark-blue 
shales and limestones with numerous Feneitellidce, N. of Eishmakam, Coll. Ljdek- 
ker, 4 ; yellowish-groy quartz sandstone, reminding of the devonian 3piriferen-8and> 
stein of the Rhenish region in its lithological aspect, Ladakh Valley, ColL Lydekker, 
12. 

Tho identity of the specimens from the Barus beds of Eishmakam and from the 
quartz sandstones of the Ladakh Valley does not seem to me in any way doubtful. 

Remarks* — Among the carboniferous Spvriferida the present species seems to 
be most closely allied to Spirifet Clarke*, L. de Kon. (Recborches snr les fossiles 
Paleozoiques do la Nouvelle Galles du Sud, p. 236, PI. XIII, fig. 2). The only 
essential difference between the two forms consists in the presence of small 
attenuated wings in Sp. Lydekkeri, whereas in Sp. Clarke* the lateral margins unito 
with the cardinal border in rounded angles without any proper wings being developed. 
If we set aside this difference, the two species agree very well in their general 
shape, in the presence of a wide, slightly raised, smooth mesial fold in the dorsal 
and of a moderately deep, smooth and rounded sinus in the ventral valve, in the 
character of their radiating sculpture, which is composed of numerous single 
rounded ribs, and in their beautiful laminose concentric ornamentation. 

In the face of such features there can be but little doubt, I think, that our 
Himalayan species belongB to the same group of forms as the Australian Spin/er 
Clarke*. 

There is quite a number of carboniferous and devonian specie* which show a 
more distant similarity to tho present one, but there is none among (hem which 
might justly put in a claim for a closer comparison. 

9. Spikiper sp. i»d. xx app. 8r. Lydekjcbsi, PI. V, fig. 2. 

This species is perhaps still more closely allied to Spirifer Clarkei, de Kon., than 
the preceding one, but my materials are too scanty to allow anything to be asserted 
i positively. 
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Among the Geological Surrey's Bim&layan collection tho present species is 
represented by a single incomplete dorsal valve only, with parts of the area of the 
ventral valve adhering to the rocky matrix. It is lea strongly transverse than 
Sp. Lydekkeri, considerably less than twice as wide as long, without any proper 
wings and, so far as can be made out from the indistinct outline of the shell, 
with rounded cardinal angles. Its sub-elliptical shape readily distinguishes this 
species from the preceding one, whereas in the ornamentation no difference can be 
noticed. The specimen being devoid of its test, concentric marks of growth are but 
very faintly indicated. 

The measurements of this specimen are approximately an follow :— 

Xatin Uogth of th» t»W» 88 aim. 

» Willi *„. tm.40 „ 

„ thkkUM. „ „ 9 „ 

Locality and Geological potition ; number of tpeciment examined. — Yellowish 
grey quartz sandstone, associated with Spiri/er Lydekkeri, Ladaih Valley, Kash- 
mir ; Coll. Lydekker ; 1. 

VI. Ghotjp op 8PIRIPER ALATUS, 8ohloth. 

10. SptuirsK KasbUb&ibnsu, Davidson. 

ISM. Spirtftn Katkmtritmtit, DandfOD, Qurt. Jeorci. OmL Sno., Loi)d*n, Vol. XXII. p. 41, PI. II, 4g. 6. 
IBS*. Bfirtftr Mwnmu, ffufm, Skit Rki K c Fun., Pat, Iod, Mr. XIII, Vol I. Piod. Umett. Tot:, 

o. SSL 

1861. Sptrtf» XttkmnUmu, Wugw. ibidem. Vol. TV, Owlogial Rwotto, p. 188. 

The followiog is Davidson's description of this species : — " 8hell transversely 
fusiform, hinge-line long and straight, the lateral margins becoming gradually 
attenuated. Ventral valve ornamented with about twenty simple ribs. The sinus 
deep and divided along the middle by a small, median, slightly projecting rib, which, 
oommeucing at a short distance from the beak, extends to the front. Length 7, 
width 1R lines." 

Of this species a few ventral valves only from the Zewan beds of Barns and 
Khoonmoo were obtained by Captain Godwin-Austen and entrusted to Mr. Davidson 
for examination. My materials are still more incomplete, consisting of a single 
incomplete ventral valve, which I refer with some hesitation to Sp. Kathmerientit. 
Thus our knowledge of the characters of this interesting form remains yet very 
limited. 

Davidson oompared Spirtfer Ka»hme r ienti» to the devonian Sp. macropterut, 
Goldf, on account of its very transverse spindle shape, but marked the presonoe 
of a median rib in the sinus as an easily recognisable point of difference. Waagen 
in 1883 believed the present species to be closely allied to Sp. alatut, but 
afterwards, rejecting his former opinion, placed it in the group of Sp. vespertilib, 
Sow., from which he assumed it to differ solely by its more numerous ribs. 

There is a good deal of confusion about Spirjfer eetpertUio, Etheridge, jun„ 
differing entirely from L. de Koninck and Waagen in the synonymy of that 
species. I believe, however, that Mr. Etheridgc (Geology and Palaeontology of 
Queensland, p. 23) is perfeotly right in retaining Sowerby's original name for 

it 
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the strongly transvers© form, figured by Morris on PL XVII., Figs. 1 and 2, of 
his memoir in Count 8trzelecki's " Physical description of New 8outh Wales" 
and in proposing a new denomination, Sp. Stutchburii ., for the species, figured by 
Morris on PL XVII., Fig. 3, and by L. do. Koninck on PL XIII., Figs. U, 4c, 
and PL XIV., Fig. 3, of his memoir on the palreozoic fossils of New South "Wales. 
Waagen's shell from the CoMK/aria-nodules of the Salt Range consequently 
ought to be identified with Sp. Stutchburii, not with Sp. cetpertilio, if an identifi- 
cation may be based altogether on so fragmentary materials. 

A third species of the group of Spirifer vcapertilio is indicated by the form 
figured by L. de Koninck on PL XIII., Figs. 4, 4a, of his above-quoted 
memoir. This species approaches Sp. Kaahmerietui* by the presence of a mesial 
fold in the sinus, but strongly differs from it by its sharp angular ribs. Neither 
in tbo true Sp, tetpertUio nor in Sp. Stutchburii a mesial rib is developed in the 
bottom of tho sinus. Nor docs the shape of the sinus agree in any way with that 
exhibited in the Kashmir Bbell. To me, therefore, the afllnity of the latter to the 
Australian group of Sp. tetpertUio appears, to say the least, very uncertain. 

The permian SpiHfer alatua, Schloth., appears to me more closely allied to 
the present form than any of the above quoted species. In this respect I perfectly 
agree with the view expressed by Prof. Waagen in 1883, when he stated his specimens 
of Sp. alatua from the Amb beds of the Salt Range Productus limestone to differ 
from Sp. Kathmeri-enris by some minor details only. 



Subgenus : SYRlNGOTHYBls, Winchell. 
Stbimgothyuis cusriDATi, Martin, PL IV., Figs. 9, 10. 

1TBS. Anomittt evipidalut, Martin, Ttrauetiant, Linnwi See, Vol. IV., p. 41. PI. III., f!g». 1 — 4.J. s. 
1809. Conclylioltthtu Anomittt mpidatmt. Muitm, Potrificata DcrbiemU, Vol. L, p. 10, PL XLVI. 

figs. 8,4, PI. XLVI I, fig. S. 
11*18. Spirifir eutpidetut, Sowerby, Mineral Concfcolagy, Vol. II., p. 43, Pi. 120, fig*. 1.3. 
182J. Sp. empidatm, Sowerby, ibidem, Vol. V, p. 90, PI, 4fll, fig-. 2. 
IMS. Spirit** eatpidata. Phillip*, Geology of York. hire, Vol. II., p. 216. PI. IX., figi. 1—4. 
1&40. Spirifer cuspidal**. L. t. Boeh, Mim. Soo. G*»l. de France, T. I. V., p. M. PI. IX., fig ;j. 
1843. Sp.eu>pid*lus.L.Ae KoniBok, Dfor. do* aoiffiMl fcuilt* da terrain <wb<m. de Bolgiqne, p. 248. 

PI. XIV, fig. 1. 

1667. « / .ir.ft™ew J .W./«,r».ldeoD, Monograph BtiUdi Oarb. Br»«hiopod«. pp. 44 and 214, PI. VIII, 

Fig.. 8-24, PI. IX., ige.1,8. 
1877. Spirifrr opidat*. P Meek. Bepert U. 8. Eiploralmi of tho fortieth pumlkl. Vol. IV., Paleontology. 

p. 87. Pt. Ill, fige. 1), lb. 
1884. Syrimgv/iyri, n.fidot., Waleott, falftontology of tbe Ennke Di.trirt, MoBogr. U. 8. Oeol. 8«r».. 

Wa.hingWn, Vol. VIII., P- «18- 

A ventral and a dorsal valve, which, however, do not belong to the rame 
individual, from Kuling, in Spiti, arc referable to this common mountain limestone 
species. They agrco perfectly with typical specimens of St/ringothyrii cutpidata 
from Tournay, which I have been able to procure for comparison. 
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The ventral valve, which is not complete and slightly distorted, exhibits the 
characteristic, transversely pyramidal shape o! a medium-sized form of 
S. evtpidata. Its straight hinge-line is terminating in acutely rounded off 
cardinal angles. The arched triangular area is almost vertical, and curved slightly 
forward in tho vicinity of the apex. Tho apical angle is obtuse. Tho narrow 
triangular fissure is nearly twice as high as broad. Of the flat, concave 
sinus the umbonal portion only has been preserved in my specimen, since the 
frontal portion of the valve, situated anteriorly to tho hinge-line, has been broken 
off. The sculpture consists of single straight radiating ribs, of which from 
eighteen to twenty are counted on each side of the sinuB. 

The measurement* of this specimen arc as follow : — 

Length of »h» king* tia» • M mm. 

Width of th. »n» 18 . 

Width 1 ( 18 „ 

Uei*ht)° ' * ' C9-6 .. 
Apia! Mgl* of th. .CTtml t.W» 110" 



The specimen represented by the dorsal valve, figured on PI. IV., Pig. 10, 
has been considerably larger than the preceding one. This valve is strongly 
transverse, moderately and rather regularly convex, with nearly acute cardinal 
angles and a barely prominent apex. The large smooth median fold is but 
little elevated above the general convexity of the shell. It is divided along its 
middle by an indistinct longitudinal depression, extending from the extremity of 
the apex to about one-half the length of tho fold. 

There are about twenty-two simple radiating ribs present on each side of 
the mesial fold. 

The measurements of this specimen are as follow :— 

Eotirt length of iho dornl nU% 
„ breadth „ „ 
,. tbifhnwo - 

Locality and Geological pontic* ; number of specimen* examined.— The two 
specimens were obtained near Kuling, in Spiti, by Dr. Stoliczka from a black 
crinoidal limestone, entirely different from any of the rocks which form part of 
the typical KuliDg shales of Spiti or of tho Productus shales in .Tohdr and Pain, 
khdnda. There is some probability of this rock-specimen having been derived 
from the crinoid limestone horizon, which Griesbach has demonstrated to underlie 
the white quartzite of Spiti and which he correlates with the mountain limestone 
of Europe. If this probability could be proved, the presence of Syringothyris cuspi- 
data would bo strongly in favour of Griesbach's correlation, as neither in Europe 
nor in America this species has hitherto been ever met with in beds of an upper 
carboniferous age. 



8fr6 mm. 

....... 72 „ 

....... 18 „ 

on. 18S° 
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Bub-family : MARTIMlNaB. Wasgen. 
Genus : MARTIN I0PSI8, Waagen. 

186S. ifaiimkfu. W«jj»n, Salt Rang. FoMiU. PaL Ui, a«. xiii. Vol. I, Prod. M. Po», p. 6S4. 
Id A. tt TINIQWU8 (2) Sp. ind. AW. 8BBE4JJIATA, SoWerby. PI. VI., Fig. 9. 

[Compare : Spirtfera tubniiutt, 8«wwbj, Danriu '• QeoVogie*! Obaarratione on tbe relcanio relaad* tbited 

bj B. H. thfp Baagk, «tt., 1814. p. 149.) 
Spiriftr nbradioiat, Motile, in 8tfufaski'e Pfcjikul deecriptioo of N«* fiouth Weloe •» i \Winn«n4»od, 

1848, p. 281, PI. XV, tg. (, PI XVI, fig*. 1-4 
^ir./er ,/.!», Dana. 0«.l<«7, WUW C. 8. Biploriog Bipedrtiot., ttc, 1849. VoJ. X.. p. 888. Pt I, 

fig.ft. 

Spiriftr ftaitr, L. cU Kauiek, Reetoetiee »vIm foaulM paMaaoujaeade UKoattll* Oa0*e da 8od, 1977, 

Pt. Ill, p. 227, PI. XI., tic. 8, 9, PL XII., age. !»-«. 
Spiriftr Vtnrini, It. it KoaiBck (a»a Horn.}, ibidto, p. SJO. PI. X., fig. 1U, b, PL XI, tg. 10, 10a 

PL XII, fig. L ' 
Jttrtinfrptu tutmJiota, Etaaridg* jao. in Jack aad Btberidgo, Otology ralMntolagj of Que«i»land, 

and Kew Guinea, 1898, p. 888, PL XI, fig. 14- 

It is with some hesitation that I introduce this name for a very fragmentary 
and somewhat crushed shell from the Zewan beds of the Kashmir Valley, but among 
the forms with which the present specimen could be compared, Martinioptit »*!>- 
radiata, Sowerby, seemed to be the most similar one. 

I consider (his specimen to be the fragment of a ventral valve, with the inter- 
nal oast partially exposed in its apical region. The sharp left border of the cast 
seems to correspond to the inner wall of a dental plate. The linguatiform impres- 
sions of the cardinal muBclesjare divided by a large double median septum, lhe 
median septum is more strongly developed than in any of the types of Martiniop- 
tit Ggurcd by L. do Koninck. It must, however, be borne in mind that the present 
form if complete, would probably exceed in size even the type specimen of L. de 
Koninck's figure 10a on PI. XL of his memoirs "on the paleeozoio fossils of New 
South Wales. 

My fragment is too incomplete to allow any exact reconstruction of its original 
outlines, but what oan be made out of its general shape is not contradictory to 
an identification as a species of Martinioptit, allied probably to M. $ubradiala. 
With this identification the sculpture of the shell surface agrees very well. It con- 
sists of a comparatively small number of strong concentric huninas of growth 
which are crossed by a very faint radial ornamentation. A few obtuse radiating 
cost® are, however, more strongly marked. The shell structure exhibited in tbe 
vicinity of the front margin only is moderately punctate and fibrous. 

Locality and Geological position ; number of tpecim ent examined. — Greenish 
shales of the Zewan beds, associated with Frotoretepora atnpla, Lonsd., Kashmir 
Valley; Coll. Verchcre; L 

Remark*. — It is to be regretted that the present specimen is too poorly pre- 
served to allow a definite identification. Could I have satisfactorily proved its apper- 



Digitized by Google 



BRACUIOPODA. 



7d 



tenance to the group of M. tubradiata, it might very justifiably have been quoted 
among the species indicating an affinity between the fauosa of the Himalayan 
Zewan beds and of the carboniferous roeka of Australia. 

Sub-order: ANCISTROPEGMaTA, Zittel. 

Family : RUYXCnoXELLlDM, Gray. 
8ub-family : RHYNeHONELLINA', Waagen. 
Genus: RHYNOHELLA Fisch. v. Waldh. 

Three species of this genua hare been described by Davidson from the coliec* 
tiona of Captain Godwin- Auaten made in the Zewan bods of Kashmir. Only one 
of them was identified with a European form by that learned author, whilst the two 
others were considered to be new. These three species are : — 

). Xijnckottella plevrcitn tar. Darreuxiana, de Koo {Hi. trifUg, M'Coy). 

8. „ Bartuienn*, Davidson (I. c. p. 441, PI. II, fig. 8. 1.) 

S. „ Katkmeritum, D.ivid»on (I. c p. 42, PI. II. fig. 91) 

The genua seems to be extremely rare in the anthraoolitbio rooks of Kashmir. 
Only very few specimens were available to Prof. Davidson, who himself stated the 
study of a larger number of specimens to be necessary for arriving at a satisfactory 
conclusion regarding the affinities of his new species to the rest of congeneric forms. 
Unfortunately, however, I am not in a position to add anything to elucidato this 
point. Both in the quartz sandstone with Coaularia tenuUtriata and Spirifer 
Lyd«kkeri from the Ladakh Valley, collected by Lydekker, and in a slab of rock 
from the Zewan beds of Barus collected by Major Collet, a small number of Bhyn- 
chonellida have been discovered, but they are so badly preserved that I could not 
even decide whether they actually belong to either Bhynchonella or Camarophorin. 
in a scricitic slate from the I^dakh Valley very badly preserved specimens of 
Bhynchonella have likewise been noticed. 

Sub-family: CAMAROPHORIINiE, Waagen. 

Genus : OAMAROPHORIA, King. 
Camahopiiobia cr. Pubdoni, Davidson. PI. VII., Fig. 4. 

1883. Camnpkori* Ptdoni, IHridion, Qn»rt. Jwnu Q«,\*iml 8oc.. Lw,a«,. Vol. XVIII.. p. SO, PI. II, 
ag.4. 

For a complete list of synonyms I refer to my memoir on the fauna of the 
permo-carboniferous limestone crag of Cbitichun No. I (Pt.3of this volume). 

Two specimens from the anthraoolitbio rooks of Kashmir are referable to this 
species, with which I should hare united them without the slightest hesitation 
had not their insufficient state of preservation pre rented me from doing so. 
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In its general shape and outline the more complete specimen of the two agrees 
almost perfectly with moderately inflated forms of Camarophorut Purdoni from 
Chitichun No. I. Tbis specimen, which has served as type for the illustration on 
PI. VIL of this memoir, having been strongly injured by weathering, the exact 
number of ribs cannot be made out One of the ribs in the median fold of the 
dorsal valve can be traced to the proximity of the apex. The two lateral portions 
of the shell are distinctly asymmetrical. 

Tho measurements of this specimen are as follow :— 



Entire length of ike tbtil 31 mm. 

Length of the donal TeJee S8 „ 

Entire breadth of the ehell 3S „ 

Breadth of the median fold 16 „ 

Thicfcneat of both vtlveo 10 ,. 

Apical »ogk> of the ventnl nlxo ........ MP 

- „ . „ dofeil W 



The specimens under consideration are probably identical with C. Purdoni, 
but there aro several species of this genus which so closely approach the latter form, 
especially C. aipitta, Sehollwien, from the upper carboniferous Fusulina limestone 
of Carinthia, that a direct identification is only possible if completely preserved 
forms were available. 

Locality and Geological position ; number of tpeciment examined. — Black, 
micaceous shells, Kashmir, exact locality not known ; Coll. Lydekker; 2. 

From the character of the matrix adhering to the loose shells it appears doubt- 
ful whether they have been obtained from the Zcwan beds or from the geologically 
younger shales with Product u* Abkhi and Marginijera himalayenti* correspond- 
ing in age probably to the Kuling shales of Spiti. 

Sub-order: ANCYLOPEGMATA, Zittel. 
Family: TEREBRATULIDJS, King. 
Sub-family: TEREBRATULIXjE, Waagen. 
Sub-genus: DI EL AS MA, King. 
Dielasma HASTATTJM, Sowerby, PI. VII., Fig. 6. 

18M. Ttrtbraltlo kttttta, Sowerbjr, Minna! Coach, of Greet Britain, Xd. V, p. «6, pi. 446, fig. «. media 

(fig. S, dextra tt f»t«ril eicloei.). 
1887. T. AuMe, Daridior,, Ifcnojpiph Btihih c«rb. Breebiepode, p. 11, PI, I., fig. 1 (cateril ttclueie). 
187f. T. Awtofa, Boeroer, Letl.ara PaWoic. I., Th. atlae, UK XLUI, fig. 1. 

1880. X. ntceulut ear. haittta, Ihvridiun, Moucgr. Brttieb Kee*il llreebiopode, eupp'emwit. Vol. IV, 
p. 268, PI. XXX, fig. 17. 

1887. Dularna lailatum, L. it KonineV, Fauna da Celndre earboDifere d* la Eatgiqep, p. 9, PI. Ill , fig*. 
1-86, PL IV., fig*. 9-28, vcr. figs. S9_»6. 

Among the fossil material collected by Lydekker in the anthracolitbic rooks of 
the Kashmir valley, there is one single but perfectly complete specimen of 
Dielotma, which, I think, may be safely identified with Dielatma hattatum, even 
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if this latter species it aocepted in tho narrow circumscription proposed by L. de 
Koninck. In the genus Dielatma an interpretation of species has boon introduced 
by that teamed author, as has scarcely been adopted in any other group of 
braehiopoda, their distinction being based on very subordinate details to 
which in other genera of this class barely a varietal importance would have been 
accorded.' Of some of these species L. de Koninck himself candidly admits it 
to be solely a matter of taste, whether the difference be considered or not as 
sufficient for the distinction of separate species. If, notwithstanding this fact, 
I venture on a direct identification of the present specimen with Dielatma hattatum 
in the narrow circumscription proposed by L. de Koninck, it is on the ground of 
its agreeing entirely with some of the type specimens of that author from the 
mountain limestone of Belgium. 

The shell is of a somewhat pyriform shnpe, elongated, trunoated in the frontal 
region, and provided with a slightly arched frontal line. Its largest transverse 
diameter is situated a little anteriorly to the middle of its entire length. 

The ventral valve is strongly inflated, especially so in the vicinity of the 
beak, gradually tapering towards the front line where a broadly excavated sinua 
is formed. This sinus originates in the middle of the entire length of the valve. 
The beak is thick, regularly curved, and slightly prominent beyond the apex of 
the dorsal valve. It is pierced by a large, longitudinally oval, oblique foramen. 
Its lateral portions are somewhat flattened, indistinct ridges extending down the 
beak on both sides of the foramen and limiting off a very ill-defined false area. 

The dorsal valve is less strongly inflated than the opposite one, regularly 
vaulted in either direction, and provided with a shallow broad sinus, which is 
considerably less deep than the corresponding sinus in the ventral valve. The 
lateral margins of the two valves meet in a very flatly curved line, the convexity 
of which is turned towards the ventral valve. The front line is slightly raised in 
the opposite direction. 

The surface of the shell is nearly smooth, ornamented by a few irregularly 
disposed, concentrio strise of growth only, which are restricted to the proximity 
of the front 

The measurements of this specimen are as follow :— 



Entire l.e*th of tb. »h.U »» 

„ „ „ ,. amallar voire 28 „ 

,. breadth of the ebell 81 „ 

Thieknee. af the lUU 16 „ 

Apia! angle of th* reolral relr eee 80* 

h m i. » doreel relte » 90' 



Locality and Geolcgioal position; number of tpeoiment examined. — N. of 
Eishmakam, Kashmir Valley, obtained probably from the Zewan beds; Coll. Ly- 
dekkor; 1. 

1 la itriet eoejtreet la tbie narrow interpretation of upeniee etaade L. da Kvniaek'o identification of a Ditlaimm 
from Loping, drarriW br Karaer (Oberoaibnoiiehe Fauna e«a Loping, kiobtbnfeo, China, I V. Bd., p. 174, M. 
XXIII. §*. ») witb D. aorau/o. L .la Ron. (I. o. |> SI, PI. VI., fig*. 4»-4)|). It th.ee two forme are to ba united, 
wo soar at wall aooept ipeeiea of ov maoatroue aa oxtcuioa ae D. eeweefee in tba inurpretaliou af UnaieW. 

M 
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Bemorkt.—L. de Koninok insists on this specie* being restricted to the mount- 
ain limestone of Belgium and Inland onlj, and does not admit its identity with 
permian forms described as varieties of LieUuma haitatwm by Davidson and by 
Kirkby. It is, however, impossible to decide whether among the forms from upper 
carboniferous beds, quoted, under that name by European and American authors, 
the trueZ). huttatum may be represented or not, as a very different definition of this 
Bpocjes has been adopted by the majority of palaeontologists and by L. de 

Order: INABTTCTJLATA, Huxley. 
Family: D1SCINIDA, Gray. 

Genus: PISCINA, Lamarck. 

Piscina Kashmeriknbib, "DaTidson. 
I860. Cwi.^fulwfi.m/, DmMmb, Qavt. Joan. Owl. 8ms LooJm, Vol. XXII, p. 45, PI It. 

Two specimens of this interesting species were obtained by Captain Godwin- 
Austen in the Bams beds of Khoonmoo and described by Davidson. W&agen 
considers them to be very closely allied to Ducimtca Warthi (Salt Range Fossils, 
Palroont Indiea, ser. XIII, Vol. IV., Geological Results, p. 134, PL V., figs. 12-15), 
from the Convlaria nodules of the lower speckled sandstone in the Eastern Sale 
Range and to differ from the latter species solely by their larger dimensions and 
by their more strongly inflated upper valves. 

No specimens of any Ditcinidoe have been discovered among the fossil material 
from Kashmir and Spiti entrusted to me for examination by the Director of the 
Geological Survey of India. 

The genus Di»cina is of so scarce an occurrence in Asiatic deposits of an anthraco- 
lithio age that the presence of this Himalayan species in the carboniferous rocks 
of Kashmir is of some importance, 



Class: BRYOZOA. 

Although this class of fossils is very richly represented in the anthraoolithie 
rooks of Kashmir, their examination is rendered exceedingly difficult by their 
unsatisfactory state of preservation. Not only they are, as a rule, found in the 
condition of impressions only, but even in the few rases, if the porysoarium itself 
has been preserved, I have, with one single exception, either not succeeded in 
clearing the poriferous side from the matrix, or have found it so strongly injured 
from weathering that no definite information concerning the nature of the cells 
oould be obtained. In the absence of this character I deemed it preferable to 
abstain from a specific identification of my specimens and to be rather content 
with comparing them with such species as I thought to be probably their 
nearest allies. In one single case only did I dare to make an exception from this 
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treatment of my materials. This species is Protorttepor* ample, Lonsdale. The 
examination of some excellently preserved impressions from the Zewan beds of 
Kashmir revealed to me the nature and arrangement of the cells, agreeing per- 
fectly with those exhibited in the Australian types of this remarkable form. 

Thus the present monograph does not give an adequate idea of the rich fauna 
of Bryotoa contained in the anthraoolithio system of the North- Western Himalayas. 

No doubt a systematic search of the localities mentioned will bring to light a 
much larger number of species than those here described. 

Order : GYMNOLjEMATA, Allen. 

8ub-order : CYCLOSTOMATA, Busk. 

Family : FB»ESTB££IDJl, King. 

8ub-family : FENE8TELLI VM, Waagon. 

Genus: FENE8TBLLA, Lonsdale. 
1. Pbn bstblla sp. isD. aft. P. possuLA, Lonsdale PI. VII., Pig. 8 ; PI. VIII., Pig. «. 

[Comp*™ i Femttrll* fonula, Loo»difc, in D»nrm4 0«u|. Oh«irr»tioM on Volcanic ialmad., 18U. p. 16*. 

ud in Grant Suietwki't Fh jwcal Dentiptloa •! New South Wdta, etc, 18tf, p. MS, T. IX.. fig. 1 .] 
FtiuMUfinmU. Ktbaridg., Qnrt. Joan., G«l. Jtoo.. London, Vol II VIII. 1872, p. 83* PL U, fig. 1. 

/«..!«, Kttxmlg. )•■- m J«k end Stboridp, OwUgj wd W otology of QattaiUad, .to, 

[p. «1T, PL IX, fit*. 4, 5]. 

A number of specimens of a Fenettella from tho Zewan beds of the Kashmir 
▼alley appear to be very closely allied, if not actually identical with the present 
species. But as the poriferous side is not sufficiently well preserved to allow the 
character and arrangement of the cells to bo studied, I dare not venture on a 
direct identification. Sinoe a very narrow circumscription of the single species 
of this genus bat been adopted by Stuekenberg in his monograph of the Russian 
carboniferous corals and Bryosoa, a specific determination of Fenettella is barely 
sny more possible if one has not to deal with perfectly preserved specimens. 
Being not in this happy position, I must be satisfied with referring my forms 
to Fenettella Jottulo as their probably nearest ally. 

All my specimens are characterised by their very regular structure and by 
their densely retiform appearance, being composed of very delicate and slender dis- 
sepiments and interstices. The branches are of equal thickness throughout their 
entire extent and are not frequently divided dicbotomously. They are not swollen at 
the point of division. They are considerably thinner and bifurcate leas frequently 
than in P. plebtio, M'Coy. The interstices form together with the dissepiments rec- 
tangular fenestrules, bordered by nearly straight bars, and provided with ovally 
rounded off corners. Within the space of 5 mm. there can be counted generally 
10 meshes or fenestrules in the direction of the extension of the branches, and 11 in 
the transverse direction, 

u I 
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On the non-poriferous side the brandies are flatly vaulted. Whether they 
have been ornamented by a longitudinal striation or not I am not able to decide, 
as in none of my numerous forms the surface has been perfectly well preserved. 
Of the poriferous side very little is known to me. Traces of a median keel are occa- 
sionally noticed in the hollow spaces left in the cast by the impression of the branches. 

The speoieB attains considerably large dimensions, one of my specimens, though 
incomplete, reaching a length of 100 mm. and a width of 90 mm. 

In the specimen, figured on PI. VII, Fig. 8, the natural colouring of the 
species, a dark Indian red, seems to hare been preserved. 

Locality and Geological position ; number of $pecimen$ examined. — Numer- 
ous forma of this species have been collected in the Zewan or Barus beds of the 
Kashmir Valley by Major Collet, of the Ladakh Valley and at Eishmakam by 
Lydekker, near Barus by Captain Godwin- Austen. 

Remark*.— The dense arrangement of the rery thin, but rarely dichotomising 
branches is a good character of this species whioh very closely approaches Fenet- 
telta Jottula, Lonsd., from the carboniferous rocks of New South Wales, Tasmania 
and Queensland. In its general shape it agrees especially well with the specimen 
from Gympie figured by Etheridge, sen., in Volume XXVIII of the Quarterly 
Journal. 

Waagen united together Fenetiella fostula with F. venerit, Fisch., and F. 
jabiemit, Waag., in a special group of formn, distinguished from the rest of con- 
generic species by a different aspect of the two faces of the colony, " on the pori- 
ferous side the fenestrules appearing more or less rectangular, while on the other sido 
they appear oval or nearly circular." This peculiarity is however not mentioned by 
Etheridge, jun., in his minute description of Lonsdale's species in the "Palaeontology 
of Queensland and New Guinea " (p. 217). 

2. Ffnestella sp. aff. f. nmsBNATA, Lomdale. 
PL VII., Fig. 9 ; PL VIII, Fig. 3. 

[Compar* Ftmflta inter—to, Lonadil*, is Darvia't Qtoloftad Obf.rr. ot> V»le»«il« Iiluda, «te., 1SU, 
p. 1*5.1 

f . uMruM, Len«U1*. ia StmlMki'i Phj»i«l Dweriptioa of N«v Booth W.Ua. tU.. IMS, p. 869. PI. IX 
ftfrX. 

F. imttrmot; Drat, ia WU««, TJ. 8. Biplariae Bxiwditian, GttActj. P- ?><>. X. *g. >»• 
F. iHUmtf. Etl«rid*». jun. in Jack aed JUWidgr, Gaolo*; «>4 Palaxwitologj of Qu«..W, (to.. 1898, 
p. SIS. PL IX. fi#> 6-7.] 

Although among my materials this species is more numerously represented 
than the preceding one, I have seen it only in the condition of impressions in which 
the casts of the fenestrules and the hollow spaces left by the removed dissepiments 
aud branches have been preserved. Thus the determination of the species remains 
yet more uncertain, being necessarily based on a general resemblance of my speci- 
mens to Fenestella internata only. 

The present species exhibits the same densoly retiform appearance, the rarely 
dichotomising branohes, the regular arrangement of the straight interstices and 
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disepiments enclosing reotangularly oval fenestrates as has been noticed in P 
fofsula. It oniony differs from the latter in being of a larger habit. Within the 
space of 5 mm. there can generally be oounted 5 to 6 fenestrates in the direction 
of the extension of the branches, and 7 to 8 in the transverse direction. 

Locality and Geological petition ; number of tpecimen* examined,— 1 have 
examined about twelve specimens of this species which were obtained at different 
localities from the Zewan beds of the Kashmir and Ladakh Valley, by Captain 
Godwin-Austen, Major Collet and Lydekker. 



8nbfamily: POLYPORINjE, Waageu. 

Genua : PBOTOEETEPORA, de Koninck. 

Pbotorsthpora. ampla, Lonsdale, PI. VII, Kg. 10; PL VIII, Pigs. 1.5L 

» 

1M4. fnutUll* ampla, Lonadal*, in Darwin", O«olag. Obatrr. on VoloraM liluaV ate., p. 168. 
1B4S. F. ampia, Unaitlt, i» 8lr*0«ki*i Ftiynetl Dwr. of Saw Soalh WaU, tie., p. MS. PL II, fip. 1 
IMS. F. ampla, Dana in Wllk«, If. 8. Exploring ExMrtioa, Oealogjr, p. 10, PI. XI, fig.. 1, la. 
1878. Petjpon ampla, ItWidg*, jnn., Ttanawlioai Royal 8m. Victoria, Vol. XII, p. 8S, Sg. L 
1SBJ. Pntmtrpara ampla, Ljd.kko, Geology of th« Kaubnir and Oaruba brritariaa, (is., Mm. Gaol 

8orwj ot loim, Vol. XXII, P). II, fig- 1. 
IBM. P. ampia, Btkeridga, jnn, iu Jack ... Bltovlge, GecWgj and PaWofegy of Quaanalaiul. at,., p. 

231. 

This is the only species of Bryotoa contained in the Geological Survey's collec- 
tions from Kashmir which is represented by sufficiently well preserved forms to 
warrant a certain identification. Mr. Etheridge, jun^ has fully discussed the value 
of the generic name Froloretepora and redefined it. I have also relied on bis 
arguments in adopting the present species in a narrower circumscription than 
bad been introduced by L. de Koninck. 

My specimens agree perfectly well with the Australian Protoretepora ampla, if 
the latter is accepted in the interpretation proposed by Etheridge, jun., excluding the 
twr. Koiwncki and tar. Woodti. They form very large funnel or cup-shaped colo- 
nies with often strongly contorted or crumpled expansions. The largest among them 
seems to have attained "at least 160 mm. in length and 180 mm in width. The cell- 
bearing face of the polyzoarium is internal. The interstices are tolerably straight 
and bifurcating at moderately long intervals. They are broad, flatly arched and 
expanding previous to bifurcation. The dissepiments are only one-half to one-third 
the length of the interstices, from which they are, however, not very distinctly de- 
fined. The numerous elongate oval fenestrates are arranged radially in regular 
rows, some of which can be traced from the very root to the margins of the colony. 
There are generally four fenestrates within the spaoe of 10 mm. along the 
longitudinal direction. 

On the poriferous face of the colony the interstitial interspaces between the 
feneetrale* are occupied by from five to eight rows of circular cell-apertuwa. The 
disrepixnenU as well as the interstices are celluliferous 
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The crater surface has been too much injured in my specimen! by weathering to 
allow its ornamentation to be studied in detail. 

Locality and Geological potition ; num her of tpeciment examined. — This 
remarkable species is not at all rare in the Zewan bods of the Kashmir Valley. The 
chief localities where it has beea collected by Verchere, Captain GodwuwA listen and 
Lydekker are the following : Mandakpal, N. W. of Waster wan, Leitipur. 8. E. of 
Srinagar, Failgam, Barns, Marbal Pass (associated with Lyttonia »p. ind). 

Remark,.- The identity of the Kashmir specimens with the typical Prolorete- 
pt/ra amjda from the anthracolithic rooks of Tasmania and Queensland has been 
advocated by Lydekker on the authority of Dr. Feistmantel and fully confirmed by 
my examination of his materials. It is of no small geological importance, pointing 
as it does, to slight Australian affinities in the carboniferous fauna of Kashmir in a 
more direct way than the rest of similar indications. 

Family : THJXNISCIDjB, King. 

Genus: ACANTHOCLADIA, King. 

ACANTHOCLADIA BP. IXJ>. PI. VTI, Fig. 7. 

It is with considerable hesitation that I refer a single, incomplete and badly pre- 
served specimen from Loodoo to this genus. 

The arborescent colony consists of a primary branch, from which a few secondary 
branches take their origin, bifurcating at long intervals, but bein< cover connected 
by dissepiments. All the branches are situated in one plane. The majority of them 
arc ornamented either on both sides or on one side only with numerous little branch- 
lets, which are narrower than the principal stems, very short, pointed and nearly 
parallel to oaoh other. 

Although the poriferous face is exposed in my specimen, the character and 
arrangement of the cellules cannot be made out with certainty on account of its 
unsatisfactory state of preservation. 

Locality and Geological position ; number of tpeciment examined. — Loodoo 
Vihi Valley, Kashmir, Zewan beds; Coll, Godwin-Auaten ; 1. 

FATJNI8TIC RESTJLT3. 
Among the fauna of the anthracolithic system in the Himalayas of Kashmir 
and Spiti described in the present memoir, the fauna of the Kuling shales of 8piti 
is the geologically youngest in age. It comprises the following forms, being rather 
poor in species, though rich in individuals :- 

1. Harpntftra kimalajtntit, Dieocr. 

2. CkeuHtt ef. Liuarenti*, DWaer. 
S. AlkyrU OerarJi, Diener. 

4. Spiriftr Safak, 8*1 t«r. 

5. „ $p. tad. sf. Rajak. 

8. „ Mutokkiylntu, D»vid». 
7. , tf. Hituntit, Dkntr. 
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So far as numbers go, Marginifera kimalayeims, Dinner — a species very oloaely 
allied to M. typica, Waagen— and Spirifer Rajah, 8alt.. play the principal part. 
TheolassofLatnellibranchiata is represented by a few very poorly preserved frag- 
ments only, which do not allow a specific determination. The state of preservation 
of the braohiopoda is also, as a rule, rather indifferent. There is barely one sinele 
fairly complete form among the numerous specimens collected by Dr. Gerard, 
Btolioska and Griesbach. 

Griesbach correlated the Ruling shales of Spiti (teneu ttricto) with the 
permian Produotus shales of Johar and Painkbanda. The palseontological evidence 
afforded by the examination of the fossil materials handed over to me is certainly not 
adverse to this correlation, which was chiefly based on stratigrapbicaland lithologioal 
characters. Oat of seven species of brachiopoda composing the fauna of the Rul- 
ing shales of Spiti. four are probably identical with forms from thepermian Produo- 
tus shales of the Central Himalayas. These four species are : — 

CioncUi ef. Li»tam$it, Dien. 

Atkyti, Getardi, Dien. 

Spiriftf Mmuhkejlentit, David*. 
„ «/. Nitintit, Dien. 

Three of these species are restricted exclusively to the Productus shales of the 
Himalayas and do not occur in any other deposits. Among the three remaining 
forms, forming part of the brachiopod-fauna of the Kuling shales of Spiti also, not a 
single one occurs outside the sedimentary belt of the Himalayas. Thus the affinity 
of the present fauna to that of the permian Productus shales is undoubtedly more 
strongly marked than to the faunm of any non-Indian strata of anthraoolithto age. 
To this evidence it may be added that Athyru Gerard* and Spirifer of. Nitimtin 
have been obtained from sandstone partings intercalated in the black micaceous 
Kuling shales, which lithologi rally agree so perfectly well with similar intercala- 
tions of sandstone partings in the Productus shales of Kiunglung that the specimens 
in the collection could not he separated without the labels attached to them. 

An astonishing fact which must not be overlooked is the total absence of the 
two chief leading fossils of the Kuling shales of Spiti, Marginifera htmalogensi* and 
Spirifer Rajah in the Productus shales of Johar and Painkbanda. This fact, it fa 
true, strongly diminishes in its importance if we bear in mind that the leading 
fossils of the Productus shales themselves are very unequally distributed at different 
localities. Chonetet Litearensis, e. g., which is most abundant in the Productus 
shales of Johar, whole rock-speoimnns being made up of its shells only, is entirely 
absent in Painkhanda. On the other hand, Productus cancrittiformia, which is 
very common in the Niti district, has not been found in the Productus shales of 
Johar. 

This rather unequal distribution of species throughout the Himalayan Pro- 
ductus shales does not however exclude the possibility of another explanation of 
the absence of Marginifera himalayenait and Spirifer Rajah in the eastern 
portion of the Central Himalayas. To this explanation a passage in Griesbaeli's 
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description of the sequenoe of anthraoolithic rock* in the Niti area (Geology of the 
Central Himalayas, Mem. Qeol. Burr, of India, Vol. XXIII, p. 120) give* a due. 
In his description Griesboch makes reference to the development of a calcareous 
thick-bedded dark-grey sandstone, intermediate between the carboniferous white 
quartzite and the Productus shales of a ravine at the foot of the Niti pass. This 
dark-grey sandstone he found full of braobiopoda, which he identified with 
Product u» temireticulattu. " I hare compared " — he further adds—" both the 
specimens and the matrix with specimens contained in the Geological Survey 
Museum, which bad been collected at Ruling by Dr. Stoliczka; both are so close 
in form and lithologioal character that they might easily have come from the same 
locality." 

Among the materials handed over to me for examination no fossils from this 
rock group are unfortunately represented. Could the presence of Marginifera 
himalayttui*— corresponding to Griesbach's Productus temireticulattu — in the 
calcareous sandstones from the foot of the Niti Pass satisfactorily be proved, this 
evidence might point to the probability of a correlation of these sandstones with 
part of the Kuling shales of Spiti characterised by the presence of M. hima- 
layenHt and Spirijer Rajah. Nor is the possibility excluded that these beds are 
slightly lower in their position within the Kuling shales than the main mass of the 
latter from which the species identioal with f ormB peculiar to the Himalayan 
Productua shales have been derived. I havo hinted at this possibility to draw 
the attention of future observers to this question, as it may easily be decided by 
collecting more extensive fossil materials, according to single geological horixons. 
To say more on the poor evidence of a few vague palseontological indications 
only, which are not supported by a thorough knowledge of the actual stratigraphical 
sequence, would far transgress the limits of sound geological reasoning. 

My recent examination of the anthraoolithio fossils of Kashmir collected by 
Captain Godwin-Austen, Verohere, Major Collet and Lydekker, has led me to 
recognize two fairly well differentiated faunae among them. The geologically 
younger fauna is represented by a small set of bracbiopoda, collected by R. Lydekker 
iu a dark micaceous shale with occasional intercalations of sandstone on the summit 
of a ridge north-east of Prongam TraL The species composing this faunula are 
the following :— 

Pro<luetut AUeli, Wan gen. 
Martini/era kimalage*t>t l Dien. 
Ciomtti jtanJUmta, Was jfeu. 
Stropkvmeaa analog*, Phill. 

So far as a correlation of horizon may be based on so small a number of fossils, 
all the evidence goes to prove that the rocks from Prongam Tral correspond in age 
to the Kuling shales of Spiti. The few slabs of rock from this locality, contained 
in the Geological Survey's collections, are full of Marginifera himalagentit and 
exactly agree in their lithologioal character with specimens from the Kuling shales, 
collected by Stoliczka and Griesbach. Each of the three remaining species is re- 
presented in Lydekkcr's collection by one single individual only. Among them 
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Strophomena analoga is an ubiquitous form of a tolerably vide geographical and 
geological distribution, ranging throughout the entire carboniferous system into 
permian strata. Troductu* Abichi and Chonttes grandico$la decidedly point to a 
permianage. Productui Abichi is among the most characteristic permian species 
of the Salt Bange, of Armenia and Timor. Chonetet grandicosta has as yet not 
been discovered outside the upper Produotus limestone of the Salt Bange. 

In considering these facts it appeared to me that from a pal<eontologioal point of 
view a correlation of the shalos with Margintfera himalayensti from Prongnni TraJ 
with the Ruling shales of Spiti will best express our present state of knowledge 
regarding their true strati graphical position. This view is corroborated by the fact 
that none of the few fossils from this locality is identical with a species from the 
Zswan beds of Barus, Khoonmoo or Eishmakam. 8 trati graphical evidence to ascer- 
tain this correlation of the Prongam Tral beds with the Euling shales of Spiti is, 
however, unfortunately wanting. In Lydekker'a report on the geology of the 
Kashmir district no reference is made to the position of those beds, which he probably 
failed altogether to distinguish from thereat of antbracolithic rocks. 

Provided the correlation of the Prongam Tral beds in Kashmir and of the Kuling 
shales in Spiti with the Produotus shales of Johar and Painkhanda be correct — 
a view which, I suppose, will better express the facta hitherto known than any 
other— the permian system appears to play an important part in the anthraoob'thic 
series of the Himalayas and to represent a distinct horizon of great geographical 
distribution. 

The richest of all the anthracolithic faunas described m the present memoir 
is contained in the Zewan or Barus beds of the Kashmir Valley. This fauna, to 
which attention baa first been drawn by the valuable memoirs of Godwin- Austen 
and Davidson, is composed of the following species:— 

TuLoBtrs. 
1. fkilliptia tp. ini. *ff. ttmimjftra, Phill. 

LAMtlUBUSCHATA. 

*. Modiota ,p. i»4. (1, 

3. Amatloptettn »ov. tp. i%d. 

4. PteU* not. tp. ind. 



Bbaohiopoda. 



5. P 


ro'JKcll 


it Cor; d'Orb. 
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uniaimt, Dafr. 


7. 


"1 


ttmiretie%ltU«t, Mart. 


S. 


it 


ef. Itmgitpinut, Sow. 


0. 


»' 


tf. tM&rieulut, Mart. 


10. 


M 


ff. tpinulttut, Sow. 


11. 


11 


pmluU*\u, Phill. 


11. 


If 


puueUttu, Mart. 


13. 


" 


tmUallut, Mart. 


14. 




mensolint, DieoeT. 
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15. Slrepkaltiia tp. ind., tff. etilatn, Waag. 

16. „ ef. (?) ttnuispina, Was*. 

17. dentin Unit, Davida. 

18. „ Batdremiit tar. KiiAmcnimii, Dav. 

19. „ ' Amtiniana, David*. 

20. „ Btrntienti*, David*. 

21. Lytionin tp. ind. 

22. Ltriyin ef. ttnilit, Phill. 

28. £tt**tri» ef. grtndieoita, Davids, (an eenxptetta, Mats ?). 

24. Jtkyrt* luiiiiit; Hall. 

25. „ Buidhuta, Verchfere. 
28. „ ^. txpama, Pbill. 

27. Spiriferina ef. Keniuektntit, Shum. 

28. Spirtfer Matakktyltniit, David*. 

29. „ v. /«<*., «/. Mntakktylantit. 

80. „ ifyaJ, Salter. 

81. „ ef. trianjuUrit, Mart 
8i. 8>'rt/«f Lydekktri, Diener. 

83. „ KatkmerUntit, David*. 

84. H Vikianm, David*. 

85. Martinieptu (?) «/>. ind., mf. mbradUU, Sew. 

86. BkfntkontlU tripier, M'Coy. 

87. „ Barntientii, David*. 
38. K*4kvurit%ti; Davida. 

(?) 89. CaiMfOsiiorta ^ Pmrdeni, Davida. 

40. DUUtma kattatnm, Sow. 

41. 2>i«ctM tfaaWwww, David.. 



I have not been able to ascertain if Camarophoria ef. Pvrdoni ought not to 
have been included rather in the list of fossils from Prongam Trdl than in the 
present one. 

The fossils of the Zewan beds are contained in variously coloured shales, sand* 
stones and limestones, but arc as n rale rather indifferently preserved, This fact will 
explain the large number of species marked in the preceding list as "$p. ind." or as 
•« qf." only. 

In (his list are contained 45 species altogether, of which, however, barely 
more than 30 could be identified with tolerable certainty. Among them 
braohiopoda by far predominate, both in number of species and individuals, 
composing with 57 species five-sixths of the entire fauna. Although this propor- 
tion may be psrtly due to the circumstance that among the Lameilibranchiata and 
Bryosoo available for examination very few specimens only were found worthy of a 
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42. Fen<$UlU ip., aff.fettuU, Lonsdale. 

43. i> *p., »f. inleriuta, Louad. 

44. Ttotoretepor* ampla, Lonad. 

45. Aetnikoelndia tp. ind. 
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specific description, the predominance of brachiopoda over the other classes of 
organic remains may be considered a well-established fact. 

Judging by its general zoological character, the fauna of the Zewan or Barns 
beds can only be looked upon as of upper carboniferous age. Leaving out such 
forms as are either restricted to the Zewan beds only or specifically undeterminable, 
the remaining species may bo divided into two groups. The first group is repre- 
sented by species which occur both in the mountain-limestone and in deposits of 
an upper carboniferous age. The second group, which from a paleeontologieal point 
of view is much more important, is composed of such species as are restricted 
to younger carboniferous strata but are absent in the mountain-limestone of lowor 
carboniferous age. These species are : — 

Product** mongoluut, Diamr. 
Mropkalotie <f. (?) Uuuiipina, Wa»g. 
Cinrtu Barutitutii, Dir. 
Lftlouia ip i'd. 

Ettmeiria ef. graadieoita, D»vid«. 
Spiriferina tf. SfH*neienii; Sbuai. 
Bpiriftr MuttihfUuM, Darid«. 

„ Rtjak, Suit. 
Ctmaropkoria cf. Purdoni, Dirida, 
Prolorettpora ample, LoostL 

The frequent occurrence of Strophalotia, the presence of the strange genus 
Lyttonia, of the group of Chonetet grandicoatat<B,oi Spirt fer Mmakheylemit and of 
a group of Spiriftr, distinguished by coarse fasciculate ribs Rajah) are 
cliaracters of such high importance that in the face of them a correlation of the 
Zewan beds with the upper carboniferous series of other countries can hardly be 
questioned. To this may yet be added another fact, pointing in the same direction, 
and this is the absence of any species in the whole list whioh has hitherto only 
been met with in strata of a lower carboniferous age. 

Though the question as to the age of the Zewan beds may thus be settled in a 
general way, it is hardly possible to decide to which particular horizon of the upper 
earlxjmferous series in the standard stratigraphic scale those beds may correspond. 
In elucidating this point it will be necessary to deal first with the relations which 
exist between the fauna of the Zewan beds and the faunas of anthracolithio deposits 
of other countries. 

A tolerably large percentage of species, at least 16 out of the 45 species, quoted 
in the preceding lut, are peculiar to the fauna of the Zewan beds. The majority 
among them are, however, closely allied to carboniferous forms, as has been 
indioated in the special descriptions. Nevertheless one-third of the entire Zewan 
fauna appears to be made up of species whioh hare not been found hitherto 
outside the Kashmir territory* But their importance from a stratigraphic point 
of view is considerably lessened by the fact ibat one of them only, SjArt/er 
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Lyiekkeri, is among the chief leading fossils of the Zewin beds. All the rest of 
leading fossils are well known aothraoolithic species, viz. : — 

Product™ ttmireticulattu, Mart. 
Derbjia cf. tenilii, PhiU, 
Jtlyrti tmUilita, Hall. 
Spirifttina cf. Keai»ckt»ti$, Sbum. 
Spitifer Mttakheyltun* ,Ha.y\A%. 

„ Kayak, Salt. 
Protoretcpora ample, Lcmad. 

One of the most striking features of the Zowan fauna is their comparatively 
slight affinity to any of the fauna of the Salt Range Frodactns limestone. 
Five species only are identical, three of which have not been quite safely deter- 
mined. These species are the following :— 

Productut Cora, d'Orb. 

„ imirttituiatut. Mart. 

„ cf. langitpinu; Sow. 
Spinfer ifutakktylemii, David«. 
Camaropkoria cf. Pardoni, David*. 

An affinity to the fauna of the Productns limestone of the Salt Range is 
farther indicated by a small number of forms, which are very closely allied to Salt 
Range species. Such species are :— 

Siropkahiia tp. iud., aff. costal; Wi»g. 

» tf- (') te*mi$pina, Wing. 
Lfttcmia tp. ind. 

lumetri* cf. (/) graadicatta, Davida. 
Bitcinjt Katimeriemtii, David*. 

These are rather slight affinities only. Muoh more close are the relations to 
the carboniferous deposits of Europe. Chiefly the list of Producti from the Zewdn 
beds contains a large number of European carboniferous forma. Ten species are 
directly identical, but the number of species probably identical is increased to 
17, if such forms are included as are marked in the above quoted list as " cf " only. 
Tbe species pointing to European affinities are the following : — 

Predict** Cora, d'Orb. 

„ mndalut, Defrmnco. 

„ cemirttttuiat**, Mart. 

„ cf. iengiipinut, Sow. 

„ tf. tcatriculu*, Mart. 

„ cf. apiaalotui, Sow. 

„ puit*lo*M, Pbill. 

„ p*ndat*i, Mart. 

„ acuUatu, Mart. 
Dtrlfia cf. *e*ili*, Pbill. 
Atkjrit mUilii*, Hall. 
„ */. Phill 
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Spiriftr cf. triangular t, Muri. 

„ Muiaikejlfu, Divida. 
Rkf»choo«Ua triplex, M'Coy. 
Comaropkorta ef, Pardoni, David*. 
Lielatma kmUtum, Sow. 

This predominance of European carboniferous types is a very remarkable fact. 
It is the more astonishing if we take into consideration that very close relations 
exist between the fauns of Cbitiohun No. I and of tho Salt Range Produotus 
limestone, more than one-half of the entire brachiopod fauna of Chitichun No. I 
being composed of identical species. 

There are similar relations between the fannte of the Zewan bedB of Kashmir 
and of Loping in China, as between the former and the faunas of European 
carboniferous deposits. Seven or eight species are probably identical, and the 
number of very closely allied forms is still larger. The fauna of the Zewan beds 
certainly bears a greater similarity to that of Loping than to any of the Salt Range 
faun ed, though the latter region is geographically less distant. 

A third element in the fannte of the Zewan beds is constituted by a few forms 
which point to an affinity with the carboniferous fauna of Australia. These Austra- 
lian affinities are indicated by the following species :— 
Spiriftr Ljdtiieri, Dien. 
Hartiniopvt (?) tp. ii.il., aff. tvbrediata, Sow. 
Prolartlepora ampU, Loom]. 
Pcttttell* tp. i*d„ aff. fcttula, Lonad. 
„ tp. ind., af. iattmata, Lontd. 

Among these five species Protoretepora ampla only is actually identical with 
an Australian carboniferous type. Spiri/er Lydekkeri Is very closely allied to Sp. 
Clarkei, de Kon. The determination of the specimen, figured on PI. VI, Fig. 9, 
of the present memoir, as MartinioptU, is not beyond all doubt. The two spocies 
of FenettelldB may probably have their nearest allies in the carboniferous rocks of 
Australia, but their exact identification is impossible, owing to the unsatisfactory 
state of preservation of my materials available for examination. 

Another Himalayan species identical with an Australian form U Strophalotia 
Qerardi, King, but the geological age of the beds in which the Himalayan type 
specimen was collected by Dr. Gerard is unfortunately unknown. 

The faoniBtic affinities between the Zewan beds of Kashmir and the carboni- 
ferous deposits of Australia, as indicated by the above-mentioned fossils, appear 
therefore to be very slight only. They are certainly less strongly marked than 
the Australian affinities of the fauna contained in the Conularia nodules and in the 
Eurydema sandstones of the Salt Range. Nevertheless I consider them to be of 
no small geological importance, because similar affinities are entirely absent in the 
Productus limestone. 

A correlation of the Zewan beds with the lower speckled sandstone of the Salt 
Range has been advocated by Waagen. Although Davidson's description of the 
brachiopoda, collected by Godwin-Austen, was only available to him as a base for 
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correlation, be justly noticed tho predominance of European carboniferous types in 
the Kashmir fauna, and correctly inferred that tbe Zewah beds should be placed 
rather high in tbe carboniferous series, " that they should either be placed on a 
level with the lower speckled sandstone of tbe Salt Range, or else they should 
be considered as intermediate in age between tbe latter beds and the lower Pro* 
ductus limestone (Amb beds)." 1 

The remarkable palsDontologioal separation of the faunae of tbe Zewin and Amb 
beds is indeed no evidence in favour of a correlation of these two rock-groups. 
8n far as the testimony of fossils in the correlation of the fauna) of two distant 
regions can be relied on to the extent and with the precision which our ability to 
interpret them will permit, the predominance of European and the slight admixture 
of Australian types point to a geological horison slightly lower in ago than tbe 
Amb beds. A correlation with the lo*er speckled sandstone is nevertheless yet far 
from being established safely. Only by obtaining new and abundant materials 
and giving them an exhaustive study could the problem of the relations existing 
between the Kashmir and 8alt Range antbracolithio fauncc be practically solved. 

The question whether the Zewan beds should be placed on a level with the 
Moscovian or Qshelian stages of the carboniferous system in Europe, is likowise 
an open one. Those who try to establish a natural classification of Himalayan 
rocks will probably come to the conclusion that the minor divisions of the car- 
boniferous system, which are thoroughly adapted to tbe strntigraphic order in 
Eastern Europe, cannot be recognized in the carboniferous series of extra-penin* 
sular India. I seriously doubt that the sub-divisions of the upper carboniferous 
strata, which are locally distinguishable in the Ural or in Central Russia, are 
satisfactory for purposes of correlation in the Indian province. All attempts to 
establish a correlation of the Zewan beds with any of these sub-divisions on 
biological evidence will prove forced and artificial- 
There is yet one horizon among the anthracolithic series of the North-Western 
Himalayas, to which, upon the scanty palaeontological data available, an upper 
carboniferous age must probably bo attributed. This horizon is represented by a 
quartz-sandstone, collected in the Ladakh Valley by Lydekker, and containing 
the following fossils : — 

Product** ip. imi. 
Sfirtfer Lydeiieri, DUu. 
Bp. in4. of. L S 4ekktti. 
Canulati* t4nuittriata, M'Coy. 

Neither the stratigraphic position of this sandstone nor the locality is mentioned 
in Lydekker** memoir. Tbe assemblage of species strongly exhibits an affinity 
to Australian carboniferous types. Especially the presence of Gonularia tenui- 
ttriata, occurring also in the boulder group of the Salt Range, points in this 
direction. 

A horizon lower in age than all those hitherto mentioned is perhaps indicated 
by the specimen of a crinoidal limestone oollocted by Stoliczka near Kuling in 8piti. 

1 If, Wmtfn, BUI Bast* FottfU. I. e. Vol. IV, 0«e)c»i<»l Be^lta. p. 
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this rock specimen yielded two forms of Syriugothyrii cutpidala, Mart, a very 
common mountain limestone form in Western Europe. There is some probability 
of the specimen having been derived from the crinoid limestone horizon, which 
Griesbach Las proved to form the base of the carboniferous series in the Central 
Himalayas, and which he correlated with the lower carboniferous beds of the 
European standard- 

This is all I am able to say with regard to the faunistic features of the anthra- 
colithic series in Kashmir and Spiti. My indications are rather vague, I regret to 
say, and the results of my studies leas certain than I could have wished. But it 
must be borne in mind that in many instances the exact stratigraphic position of 
the fossils entrusted to me for examination was not known, and that it would 
require a personal study of the anthracolithic deposits in iUu and the collection of 
extensive materials, exactly to single geological horizons, to obtain safer results. I 
can only express my earnest hope that the interesting problems connected with the 
stratigraphy of the anthracolithic system in the North -Western Himalayas may be 
solved in time by a detailed survey of the Kashmir Valley. If the details of both 
stratigraphy and palaeontology in this district are worked out with sufficient 
minuteness, they may not only permit fuller correlations with the anthracolithic 
system in other partB of the world, but may probably lead to the solution of one of 
the most important problems in the natural history of the anthracolithic epoch,*.*, 
of the relations between the carboniferous deposits of Europe and of Australia, 



PLATE I. 

Fig*. 1, t. Pbillipma, Bp. ind. iff., siuiximaA, Phill. 

Two pygidia from the Zewin b«l», N. of Eishmakaro, Kashmir Valky ; eoll. 
Lydekker. 

Is, 2a natural siw; 14, 2* twice enUrgrd. 
¥i'*. 3. Avicolovbctiw, ep. ind. 

Right valve from the Zewan beds of Eishraakam, Kashmir Valley; coll. Lydekker. 
Fig. 4. Pbctbn, sp. ind. 

Left valve from the same locality ; coll. Lydekbr. 
Fig. 5. Modioli (?) sp. ind. 

Right valve from the fame locality ; cull. Lydekker. 
Figs. 6, 7. Ptoopcrirs aculsatps, Martin. 

Zewan beds, Kashmir Valley ; coll. Verchore. 
fla, 7 vootral view 84 lateral view. 
Fig. 9. PaODCCTTB Abicbi, Waagen, 

Summit of a ridge N. E. Prongmn Tnt], Kashmir ; coll. Lydekker. 
8a ventral view, Hi lateral view. 
Figs. 9, 10. PbodccTcs uuoaTtis, Defrance. 

Two casta of dorsul valves from the Zewan beds, N. of Eishmakam, Kjishir.ir 
Valley; coll. Lydekker. 
Fig. 11. Prodoctos ef . losotspmus, Sow. 

Incomplete vontral valve from the Zewan beds of Barns, Kashmir Valley ; coll. 
Lydekker. 

11a ventral view, 114 front view, He lateral view. 
Fig. 12. Peoooctos cosa, d'Orb. 

Ventral valvo, Zewan beds, B»rn», Kashmir Valtoy ; ooll. Lydekker. 
13a ventral view, 124 apical view, 12« lateral view. 

Fig. 13. Pkjductcb rusri'LosTS, Phill. 

Cast of a dorsal valve from the Zewan beds of Earns, Kashmir Valley ; coll. 
Godwin-Austen. 
13a dorsal view, 134 lateral view. 

1*. Prodihttds BKv:aitTicrrL4Tr», Miirtin. 

Cast of a dorsal valve from the Zewan bed*, N. of Kbooomoo, near Pamper ; oolL 
Lydekker. 
14a dorsal view, 1 U lateral view. 

Figs. 15, 16. Stbophalobaa, sp. ind. aff., S. costiTa. Waagen. 

Two ventral valve* from the Zewan M», N. of Eishmakam, Kashmir Valley ; coll 
Lydekker. 
loa, 16 ventral view, 154 lateral view. 

Fijf. 17. StEorHAlosu ef. (?) TKxnimNA, Waaprn. 

Ventral valve from the Zewan l*ls <>r Barns, Kashmir Valley ; coll. dodwiu. 
Austen. 

17. ventral view, 174 lateral view. 
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Fig*. 1—7. 



Figs. 8, 9. 

Fig. 10. 

Fig. 11. 
Fig. 12. 

Fig. 13. 
Fig. 1*. 

Fig.. 15, 
Fig. 17. 



PLATE II. 

MiloiwtMEi HlllAUrwsis, Diener. 

1, ventral valve, with cast of dorsal valvs partly visible, from Ruling, Spiti} ooll. 

Griesbaoh. 

Id ventral view, 14 lateral view, 1« apical view. 

2, 3, ventral vslves, from Khar, Spiti ; coll. Griesbacb. 
2a, :io ventral view, 24, 84 front view, 3c apical view. 

4, cast of dorsal valve, from Khar, Spiti ; eoU. Griesbacb. 
4a dorsal view, 44 apical view. 

5, ventral valve from W. summit of ridgo, N. E. Prongem Tral, 1 
Sit ventral view, bb lateral view, 6e apical view. 

6, cast of a doreal valve from tho same locality ; eoll. Lydekker. 
6a dorsal view, 64 lateral view, 8c apical view. 

7, tolerably complete specimen, with both valves preserved, I 
the Spiti Valley ; eoll. Gerard. 
7e ventral view, 74 dorsal view. 

Fiodvctos cf. sCABMCtatis, Martin. 

8, ventral valve, 0, dorsal valve, both from the Zewan beds of ! 
coll. Lydekker. 

Producics ■imwrriccnTcs, Martin. 

Internal cast of a ventral valve, Zewan beds, N. of 
Kashmir ; ooll. Lydekker. 

I'r.ntwcnjs KWClATCg, Martin. 

Ventral valve from the Zewan beds of Barns, Kashmir. 
Piodcctus cf. gPIMULOSUS, Sowerby. 

Ventral valve from the Zswaii beds of Barus, Kashmir Valley ; ooll. Godwin* 
Ann ten. 

\2a ventral view, 12a lateral view. 



the Kuling abale* of 



Kashmir Valley ; 



Ventral valve from the Zewan beds of 



Valley ; coll. Godwin- 

13* ventral view, 15* lateral view, 13c apical view. 
Chonctes o&andicosta, Waagen. 

Ventral valve, from the summit of ridge, N.E. Prongam Tral, Kashmir ; coll. 
Lydekker. 

14a ventral view, 141 lateral view, 14c front view, 144 apical view. 
1G. Littonia sp. ind. 

Two caste from the Zewan beds of the Marbal Pa*s, 



; coll. Lydekker. 
SraorHoMisA abalooa, Phillips. 
Ventral valve, from Yl. summit of ridge, N.E. ProDgam Tral, Kashmir ; eoll. 

Lydekker. 
17a ventral view, 174 lateral view. 
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PLATE III. 



Figs. 1—4. SriitiFER Ltdksibbi, Diener. 

From the Zewan beds, N. of Kishmakan:, Kashmir Valley ; coll. Lydekker. 

Figs. 5—11. Prom a quarU-«aad*ton« of the Lodakh Valley (exact locality unknown) ; coll. 
Lydekker. 

1, ia, 3 dorsal valve*. 

24 cardinal region, (lightly enlarged. 

4. internal cast of a veutral valve, with impression* of cardinal taitb. 
4a ventral view, 44 apical view. 

6, 9, plaster-cast* of external impressions of two ventral valves. Frontal region not 
preserved. 

6, dorsal valve. 

6d doraal view, 66 lateral view. 

7, dorsal valve, with cardinal region of vvotral valve adhering, Lydekk<-r'* typo-fpeci- 
«»n (Mem. Oeol. Snrv. of India, Vol. XXI I, PI. II, fig. 4). 

8,11, plaster-casts of external impressions of two dorsal valve*. 

10, dorsal valve with muscular impressions preserved. 



PLATE IV. 

Kgi. I— 7. SmiriE Rauh, Salter, 

1, ventral valve, from Bams, Kashmir Valley ; coll. Godwin-Auitcn. 
t, doraal view of a specimen from the Spiti Valley ; coll. Gerard. 

5, internal east of a ventral valve, from the Spiti Valley ; eoll. Gerard. 
*, ventral valve, from Ruling, Spiti ; coll. Griesbaeh. 

6, largest specimen, known to me, from 1 
ba doraal view, Do lateral view. 

6, internal aide of a ventral valve, from the Spiti Valley ; coll. I 

7, ventral valve, from the Spiti Valley ; coll. Gerard. 
Fig. 8. Sriaira »p. ind., ex all. Sp. Rarta. 

Doraal valve from Math, Spiti ; eoll. Gerard . 

Figs. 9, 10. Stbtnootrtkib cusfidita, Martin. 

Two specimens from a Meek, crinoidal limestone, Ruling, Spiti j ooll. Stoliciku. 

9, ventral valve. 

9a ventral view, 94 lateral view, 9t apical view. 

10, doraal valve. 

10* doraal view, 106 lateral view. 
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PLATE V. 

Fig. 1. SrniHi Ruau, Salter. 

Doraal view of a specimen from the Spiti Valley ; coll. Gerard. 

Fig. 2. SpiairiR sp. iniL, «x aff. Ltdeiikri, Diener. 

Doreal valve from a quirtz-tindettiM of the Ladakh Valley, Kaalitoir ; eoll. 
Lydekker. 

Fig*. 3—7. SrialriR MtajintTl^NHJ, David a. 

3, doraal valve from Motb, Spiti ; coll. Slolicika. 

4, ventral valve from the Spiti Valley ; coll. Gerard. 
6, ventral valve from Khar, Spiti ; coll. Grieabach. 

6, ventral valve from the Zenan beda, Kaahmir Valley ; coll. Godwio-Anelen. 

7, internal eaat of a ventral valve from the Spiti Valley ; eoll. Godwin-Austen. 
Fig. 8. Smii-BE cf. TauKociatis, Martin. 

Fragment of a doraal valve, from the Zewan beda of Eiabmakam, Kaahmir ; coll. 
Lydekker. 

Fig. 9. Swum cf. Nitiehsis, Dieoer. 

Fragment of a ventral valve from Po, Spiti ; coll. Gerard. 
Fig. IP. Spikimb ap. ind., a£f. MDSAKiiiTiKratB. 

Fragment of a ventral valve from the Zewan bedi of Kashmir; coll. Godwin- 
Fig*. 11, 12. SriBim»rHi cf. Kp.NTTCKaKBis, Shuroard. 

Two external impressions of dorsal valves, from the Zewiu beda of Kaahmir ; oolL 
Verchcre. 

12J. Eeproduction of a plaster-ewt taken from the apecimen, 6g. 12*. 
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PLATE VI, 

Vig*. 1, I. Mahguhtiba Hihauykxbis, Dien. var. 

Two ventral valves from Math, Spiti ; ooll. Stolicxka. 

Fi>f. -1. ClIONBTM LlgSABSNSH, DicttCT. 

Ventral valve from Killing, Spiti j eoll. 8tolic»ka. 
3a ventral view, So lateral view, 3; apical view. 
Fig. 4. Chokstes Barobhssib, David*. 

Ventral valve from the Zewan beds of Barm ; ooll. Godwin-Austen. 
la natural size, ii twice enlarged. 

Fig*. 5, 6. DlKBTIA cf. senilis, PhilL 

5, plaster-cast of internal impression of a dorsal valve, from the Zewan beds of Barus ; 
coll. God win>A oaten, 

6, plastcr-«ast of external impression cf a ventral valve, from the same locality ; colL 
Godwin-Austen. 

Fig*. 7, S. Psoductcs moxooliccs, Diener. 

7, ventral valve, from the Zewan beds of Bams ; ooll. God win? Austen. 
7a ventral view, 76 lateral view. 

S, cart of a ventral valve, with parts of the dorsal valve adhering to it, from the same 
locality ; ooll. God win- Austen. 

Fig. 9. Mawixiopsis (?) sp. ind., aff. 8oBat»UTi, Sow. 

Fragment of a ventral valve from the Zewan beds of Kashmir ; coll. Vorchere. 
Fig. 10. EiuniiA (Betzla) cf. (7) osahdicosta, Dav. (an cobtpussa ? Meek). 

Fragmentary specimen from the Zewan beds of Ei*hmakam, Kashmir ; coll. 
Lydekker. 

10a dorsal view, 106 ventral view, 10c lateral view; all three of natural rite. 
1M ventral view, enlarged. 

Fig. 11. AT1IT1I9 cf. rhaha, Phill. 

Ventral (?) valve from the Zewan beds, N. of Khoonmoo, near Pampnr ; coll. 
Lydekker. 

11« ventral view, Hi lateral view. 
Figs. 12, 14. Armus Gbbabdi, Diener. 

Three ventral valves, from sandstone partings in the Kuling shales of Po, Spiti ; ooll. 
Gerard. 

124, 13, 1 4a ventral view. 

124, 144 lateral view, 
fig. 15. MiaomiriRA Himalatkvsib, Dien. 

Transverse eoction of the specimen, figured on PI. II, Fig. 1. 
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PLATE VII. 



Fig 4. 

Fig. 5. 

Fig. •■ 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 



(. Atbtbis minim, Hall. 

Three specimens from the Zewan beds of the Kashmir Valley ; coll. Godwin. 



la, 2a, 8a dorsal view, 14 ventral view, le, U, 34 lateral view, Id fronUl view. 

CaWABOTBOBIA cf. PoaDOHI, Ds*id», 

From Kashmir (horizon unknown) j mil. Lydekker. 

4a dorsal view, 44 ventral view, 4e lateral view. 
Dibxmva hast/atum, Sowerby. 

Complete specimen from the Zewan beds of Eishmakam ; coll. Lydekker. 

6a dorsal view, 64 ventral view, 5e literal view, id frontal view. 
COHOlillA TBHCISTBIATA, M'Coy. 

Fragment from a quartz-sandstone of the Ladakb Valley, Kashmir; colL 
Lydekker. 

6a frontal view, 64 transverse section, fle lateral view ; all of natural sixe ; 6 d and 6, 
parts of the surface, enlarged. 
Acamtdocladu sp. ind. 

Zewan beds, Loodoo, Vihi Valley, Kashmir ; coll. Godwin-Austen. 
Fjinrstblla sp. sff. toavi.iL, Lonsd. 
Colony from the Zewan beds of Ksshmir, eolL Collet, showing the non-poriferous 

face. 
84 twice enlarged. 

FSNBSTSLLA sp. ntf. ISTBBNATA, Lonsd, 

Colony from Mandakpal, N. W. of Westarwsn j ooll. Lydekker. 
Impression of the poriferous face, 

PaoTORSTiroR* a il pla, Lonsdale. 
Impression of the poriferous face of a colony from the Zewaa beds of M andukrale, 
N. W. of Wutarwan i coll. Lydekker. 



Aunton. 




(i.'olSmT.oflmlin ANTHRACOUTHIC-FOSSIIS PI ATI 

OF KASHMIR AND SPITI. 



Cj 4> C £ ti 




A Swoboda d»l e* liih. ThBannwurtkpflm 



y Google 



PLATE Tin. 

Fig. 1. riOTOKBTkFOlM AMPU, Lolltdal*. 

A very Urge colony from the Zen an leda of Mendelf.|*l, N VV. of (VuUnwon, 

KMhmir ; coil. Lydekker. 
lb trant vera* eection of the polyzotriom. 
Fip. i, pBOTOtsmoKA nm, Lonid. 

Part of the inrface of tb« apecimfn, figured on PI. VII, Fig. 10, enlarged. 
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Valley ; ooll. Collet. 
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External impreeaion of ibe porifrroue face of a colony from tbe Zewan btdt of the 
Kaahmir Valley ; coll. Cullet. 
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Volume I, Part 3. 

THE PERMOCARBONIFEROUS FAUNA OF 
CHMCHUN, No. I. 

CARL DIENER, Ph.D. 

PBOFE980B OP OEOLOOT AT THE UNIVERSITY OP VIENNA. 

INTRODUCTION. 

In the introduction to the obapter " Cephalopoda of the triassic limestone crags 
of Chitichun" in Vol. II, Part 2 of tho present work, a short notice of the lime- 
stone crag of Cbitichnn No. I (17,710 feet) in Huades is given. This crag was 
discovered in 1892 by the expedition to Johar, Painkhanda and the adjoining district 
of Hundes, in which C. L. Griesbaoh, C. S. Middlemiss, and myself took part 
Even then it was highly probable, that its rich fossil contents were representatives 
of the middle Product us limestone fauna in the Salt Range, although a more 
thorough examination bad to be waited for, to form the base of an exact determina- 
tion of their age. Both the large number of forms composing this fauaa, which is 
undoubtedly the richest palaeozoic fauna hitherto discovered in the Himalayas, and 
tho peculiar conditions under which it occurs, have led to a Bpocial part of this 
volume being devoted to its description. 

A preliminary note on tho geological features of this country, one of the most 
interesting in the Central Himalayas, has been pubhshed by C. L. Grieabach in the 
Records of the Geological Survey of India for the year 1893 (Vol. XXVI, Part I, 
page 19). In the Denkschriften der kais. Akademie der Wisaenschaften in Wicn 
for the year 1895 (Math. Nat. Classe, LXII, p. 588) I have given a more detailed 
description of the Chitichun region. It is, however, in the present memoir only, that 
all the geological conclusions will bo collected that may be drawn from a minute 
study of the faunas of tho different crags. 

Leaving a discussion of the geological facts to the last chapter of this memoir, 
I shall restrict myself to the following introductory remarks. 

The fauna, which I am going to describe, is contained in a white, partly semi- 
crystalline limestone, alternating with layers of red, arenaceous or earthy lime- 
stones, and lenticular intercalations of a red orinoid limestone. This white limestone 
forms the main mass of the peak Chitichun No. I (17,740 feet) in the Tibetan area 
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between the Laptal ranges and the head of the Dharma valley. It U from 300 to 
150 feet in thickness, and apparently rests on Spiti shales or is associated with 
intrusive rocks (diabase prophyrite) which penetrate both the limestone crag and the 
Spiti shales. The Spiti shales are very rich in fossils, especially in ammonites of the 
genera Hopliiea and Olcottephanu$, which, according to information from Dr. Uhlig 
who examined them, mark this division of the Spiti shales as a representative of the 
Berrias stage of South-western Europe. 

Throughout the limestone crag fossils are common, especially brachiopods, 
bryozoa and corals. The two trilobitos and the only ammonite, which we have been 
able to secure, came from the upper portion of the block. Although during our 
expedition in 1802 we could only stay about a week at Lochambclkichak encamping 
ground, the starting point for an ascent of Chitichun No. I, we visited the crag four 
times altogether and succeeded in obtaining finally a very largo suite of fosBils, to 
Mr. Middlemiss belonging the honour of having found the first trilobite {Philliptia 
Huldlemitsi). 

The fossils are, as a rule, well preserved, at least such as are contained in the 
white limestone, whereas those which have been collected in the red arenaceous 
layers, are frequently crushed and considerably deformed. A disadvantage in the 
condition of the majority of fossils is their fragility, owing to the numerous planes 
of cleavage, which intersect them in almost every direction. Nor is the internal 
structure of the brachiopods, the chief constituents of this fauna, accessible to 
observation, with the exception of a very small number of specimens, the rest 
being casts, either hollow or filled by crystals of calcite. 

Before entering into the specific descriptions, I feel obliged to express my most 
sincere gratitude to Professor Waagen, to whom I am greatly indebted for his most 
valuable assistance and advice. 
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DESCRIPTION OF FOSSILS- 



• : CRUSTACEA. 
Section : Entomosteaca. 
Order: TRILOB1TX. 
Family : PROETID^S, Barrande. 
Genua: PHLLLIPSIA, Portlock. 
1. Phillipsia Middlbmirsi, nov. sp. PI. I, fig 3. 

Head and thorax unknown. The single pygidium, by which this species is 
represented in our collections from Chitichun No. I, was found by Mr. C. S. 
Middlemiss, in whose honour its specific denomination is proposed. 

Tho pygidium is considerably broader than long, and strongly vaulted. At 
its anterior border the axial lobe occupies a little more than one third of the entire 
breadth of the pygidium. Its posterior portion has been partly broken off, but 
from the outlines preserved we may judge, that its extremity was regularly rounded. 
Its profile is of a semiciroular Bhape. 

The axial furrows are distinctly marked in the vicinity of the proximal border 
only. Near the posterior extremity of the axial lobe they gradually disappear. 
The number of axial segments can only be made out approximately. About ten 
coalesced riuiis, separated by deep furrows, seem to be present. The lateral lobes consist 
of seven or eight pleura?, which terminate within the margin. The lateral lobes are 
regularly arched, the pleura? are simple and united at the margin by a smooth 
rim, which occupies a little more than a third of the breadth of the lobe. 

Neither axis nor pleura? have any ornamentation upon them 

The measurements of this pygidium are as follow :— 



.•flkootirt pygidium W* »<« 

BrWth i6 S .. 

Umrih of tb« uiti kk« n>s ., 

Bioadth „ „ .. »t lt» autarior margin « ,. 

BtrtdtbofthiMUOoih bordw ......... » „ 



Number qf tpecimena examined. — 1. 

B emarkt.— Among British carboniferous trilobiUw of the genus PhMiptia, Ph. 
Cliffordi "Woodw. 1 or PA. artieulota Woodw* might be compared to tlie present 
species as regards the general outlines and the absence of any ornamentation. But 

1 II. WooJtrtrd, Monograph of tli* Britith Carboniferoui trilobitn : Pal. 8o«., 198S-R4, p. 69, PI. X, Cg 9—12. 
• H. Woodward, lod. .it.. p. 70, PI. X. fig*. 0, 13. 
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Ph. Clifford* is of a broader shape, its axial lobo is bluntly rounded at the posterior 
extremity, and the lateral pleuno bifurcate as they approaoh tho margins. In 
Ph. ariiculota the shape of the pygidium and the characters of the axial lobe and 
pleuras are Tery similar, but it diffors in possessing a greater number of coalesced 
segments (17) and lateral pleurae (13), a feature, which seems sufficient to justify 
the specific separation of the Tibetan specimen. 

From the caudal Bhields of GriffUhidet globicept, PhilL, and Or. obtoleiui, an 
figured by Prof. Woodward, this pygidium differs principally by its simple lateral 
pleurae, these being double in tho tw o species mentioned above. Qriffithidet globi- 
cept it, moreover, distinguished by the corrugated character of its axial lobo. 

Among the Russian representatives of the genus PhilUptia, whioh have been 
described and figured by V. von Moller Ph. EichwaUli Fisch. (Ueber die Trilobiten 
der Steinkoblenformation des Ural, Bull. 8oc. imp. des natural is tes de Moscou, 
1867, No. I. PI. II, fig. 8) somewhat recalls our Tibetan specimen in its outlines 
and in the development of a broad, smooth marginal rim. It differs, however, by 
the granulated character of its surface, and by the presenco of flat transverse 
furrows on each of the lateral pleuno. 

Among the trilobites of the permian Fusulina limestone from Sosio in 8icily 
as figured and described by Gemmellaro (Mem. Soc. Ital. Bel, Napoli, VIII, 
ser. 3a, No. I) there is no species, which might be advantageous! v compared with 
Ph. Middleman. 

Family INDETERMINABLE. 
Genus : CIIEIROPTQE, nov. gen. 

Until 1884 no trilobite, in which the pleural ridges of the pygidium extend 
beyond the bolder, was known from carboniferous or permian rocks. The only 
slight exception from the types possessing a pygidium with definite, even 
outlines, was Philipptia lodientit from the carboniferous deposits of Ohio, as 
described by Meek (Rep. Geol. Surv. Ohio, Vol. II, Pt. II, Palaeontology, 
p. 324, PI. 18, fig. 8). According to Meek, this species is distinguished by the 
" fimbriated character of tho posterior and lateral margins of the pygidium." Prof. 
Meek says of this foature : " the segments are continued down and across tho sloping 
border, at the edge of which they terminate in little, pointed projections, so as to 
present a fimbriated appearance around the posterior and lateral margins." This 
character is, however, so slight, that it has not been represented in the figure of 
Meek's typo specimen. Nor has Claypole been able to observe the crcnate charac- 
ter of tho margin of the pygidium in other specimens of Ph. lodien*i$. 

In 1881, however, Prof. B. W. Claypole described and figured 1 the pygidium 
of a trilobite from the Cuyahoga shales, the uppermost member of the lower 

' K. IT. Clay? W».-O n tho wottrrwe of Ibe gums Dolmanittt in th. Lowr Caibooif.rou. r<*lu of Ohi» : 
«*>l. M» B . D«*le iii, (. 1981, p. 303 (wood«t Sfr A). 
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carboniferous system, of Akron in Ohio. Ibis pjgidium is characterised by the 
absence of any marginal tract, and by its segments being " produced for the most 
part about half their length beyond tho marginal line formed by their union, and 
ending in points, tho third, seventh and ninth produced to double tho distance and 
having the appeoranco of spines." This species has boon assigned provisionally to 
tho gonus Dalmanitet Barr. {Dahuama Emmr.) by its author undor the deno- 
mination of Dalmanitet (?) Cuyahoga. 

This referonco to the genus Dalmanw is rather astonishing. In all tho typical 
species of Dalmania, which have boon described by Barrande, the pygidium is sur- 
rounded by a broad, smooth border, across which the pleurae never extend. In 
my opinion, this pygidium from Akron more probably belongs to tho subgenus 
Phaiton, Barrande, a section of the gonus Proetut. 

A second pygidium of a trilobite, provided with pleurae extending beyond the 
border, has been collected by myself in the permocarboniferous limestone of Chiti- 
ohun No. I. I dare not class the species, which I propose as the designation 
of this pygidium, in tho same genus with l>almanites (?) Cuyahoga, Claypole. 
While tho American form may after all be only a representative of Phaeton, my 
Tibetan Bpecics must certainly belong to a new genus, although we must await the 
discovery of other parts of tho carapace for a complete diagnosis of the latter. 

Tho reasons, which prevent me from classing this form with any of the hitherto 
known genera of trilobites, will be discussed after a detailed description of its* 
specific features has been given. 



1. ClIELEOPTGB HISIALAYENSIS, UOV. sp. PI. I., fig. 2 a, b, C. 

Hoad and thorax unknown. Pygidium nearly as long as broad, distinctly trilo- 
bate, and moderately vaulted. The axis is distinctly marked off from tho lateral 
lobes, and is composed of 15 coalesced sogmonts. It is strongly conical, with a nearly 
semicircular profile, clovated considerably above the lateral lobes and equalling a 
little more than one third of the entire breadth of tho pygidium at its anterior end. 

The axial segments are rounded on their tops, and separated by deep furrows, 
which are as broad as their elevated portions. The latter are regularly covered with 
granulations, whilst the furrows between them remain perfectly smooth. Tho lateral 
lobes are more flatly curved than the axis, but are bent down rather abruptly 
towards their margins. No marginal spaco or Iimbus is formed. Each of tho lateral 
lobes consists of six well defined pleunc, which are interrupted by deep, narrowly 
rounded depressions. These pleunc originate as sharp ridges in tho furrows, limit- 
ing the axial lobe, broaden considerably, as they approach the margin, where 
they bend suddenly downwards. The posterior pleura are broader than the ante- 
rior ones. They aro not distinctly carinnte, although their profile in general takes 
the shape of a slightly pointed arch. The posterior termination of the axial lobe 
is surrounded by an axial lappet, which is exactly like the lateral pleurte, but 
slightly exceeds them in width. Doth the lateral pleura ar.d tho posterior axial 
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lappet are ornamented with numoroua rounded granulations of equal size. Tbo 
interpleural depressions are smooth. 

The strong projection of each pleura imparts to the margin a crenated appear, 
anoe, recalling tho pygidium in Cromut, Barr., of the family of Bnarinurida. 

The measurements of the present pygidium are, as follow ; — 

«. 

Lwirth of ibe entire pjgidliun II mm- 

l(re«.:fch „ „ n 1H .• 

Leuirtb of th» uul lot* 8 „ 

Brajutth ,. ... >t it* inferior mugla 4 8 „ 

Number of tpeoiment examined. — 1. 

Bemarkt. — Among the pygidia of hitherto described trilobites those of the sub- 
menus Pha&ton (Phaelonidet), Barr., may be first compared. 

This subgnnorio section has been introduced by Barrande for such species of the 
genus Proetut, whioh are distinguished by a orenated margin of their pygidia. 1 Of 
tho three spooies attributed by Barrande to this subgenus, P. Archiaci and P, ttria- 
tut are of upper silurian age, whereas P. planieauda oocurs in deposits of lowest 
devonian age. This last species has been considered by Novak* as tho prototype 
of a proper subgenus, PhaetoneUnt. No axial lappet or pleura is developed on 
the prolongation of the axial lobe, either in the Bohemian species of Phaeton 
or PhaStomllut, or in American Proetut Ferneuili, whioh, judging from the figure 
given by Prof. Hall in his Illustrations of Devonian Fossils (PI. XV, fig. 18) 
may also belong to Phaeton. On tho contrary an omargination of the border 
always corresponds to the posterior termination of the axial lobe. This is the 
first important difference between PkaSton and Cheiropyge. A second difference 
is in the character of tho lateral pleurae. In P haft on they are flat and divided 
by a median furrow, reaching from the axial lobe to the pointed extremity of 
each segment. So remarkable are these two points of difference, that they not 
only make a reference of the present species to Phaeton impossible, but even in- 
duce me to believe, that Cheiropyge himalayentit belongs to an altogether differ- 
ent family from tho Proelidas. 

A certain resemblance seems to exist between this Tibetan trilobitc and a few 
silurian forms, which have been included by Barrande in his genus Cromu*. Cromut 
transient Barrando (SyBtomc 8ilurien, p. 828, PI. 43, figs. 18, 19) is a form 
which at a first glance recalls Cheiropyge. Tliis similarity is, however, more 
apparent than real. There is no axial lappet or pleura, but the posterior element of 
the axial lobe is produced towards the margin and bordered on both sides by lateral 
segments. In the external character of the pleurae there are likewise differences, 
which make a distinction easy. The resemblance of the present specimen to 
pygidia of Cheirurut is still more distant. I do not know of any other genera of 
trilobites, which might advantageously be compared with Cheiropyge. Nor am I 

1 /. Barr»ndt, Hotm prelbninairei tor le Sjat^ni Silarica et lei trilobiun de Bobbin*, Uipiig, ISM, p. 68 ; 
SjrUnre SlInrHn da wntre d« 1» Biihoaw, Vol. t, ISM, p. 133. 

1 0. Xovik, Vergioich»nde Studies »n eioigm Trilobiten lu dem H«rojn too Biokeo, Wildongao, Oreifcn- 
•Ub nad Bohura : PoWutdogM* Abnindhogon, noo, P«lgc. I., 1883, U«ft 3, p. lfl. 
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able to give any due as to its systematic position among this order. Tho character 
of its pygidium is however so peculiar, that I believe to be justified in establishing 
a new genus, although without the knowledge of the cephalothorax a satisfactory 
diagnosis of the bitter cannot be given. 

MOLLUSCA. 
Class: CEPHALOPODA. 

Order: AMMONOIDEA. 
Suborder: AMMONEA LEIOSTEACA. 
Family: OYCLOLOBIDJB, Zittel. 
Genus: POPANOCERA8, Hyatt. 
Subgenus: STACHEOCERA8, Gcmmellaro (W AAGENINA, Krotow). 

The genus Popanocera* has boeu introduoed by Hyatt in his Genera of Fossil 
Ccphalopods (Proo. Boston Soo. Nat. Hist., XXII, April 1883, p. 337). In this 
genus he included throe Russian species, which E. de Verneuil had formerly classed 
among Gonialites, via., O. tobolewtkyamt*, G. kingianut and Q. temlnckianut, 
and, as " extreme form" Arceitet anliquut, Waagen, from the oephalopoda beds 
of the upper Product ug limestone. 

E. von Mojsisovics 1 in his memoir on the triasedc faunas of the Arctic region 
accepted Hyatt's genus and gave a more appropriate diagnosis, referring to it fivo 
Spitsbergen forms and a species from the pormian or triassio rocks of Timor, which 
had been described by Beyrich (Monatsbcr. k. Akad. Wiss. Berlin, 1867, p- 66) 
as Ammoutte* megaphyllut and considered as a type of his group of Megaphylli. 

In the meantime ELrotow* united three species of Popattoeeras, from the Artin- 
skian stage of the Ural Mountains, in a new genus, Waagenia, a name which he 
changed afterwards in Waagenina* as the priority of the former denomination had 
been claimed by Neumayr for a group (hybonoti) of Aspidocerat. 

In 1 887 Gemmollaro* described and figured a large number of species of Ptfpa- 
nocern* from the permian Eusulina limestone of Sosio in Sicily. His examination 
of a very rich material led him to a generio distinction of two groups of forms. 
Popanocerat toboletc'kyanum furnishes the type of the first group, for which the 

' E. ». Mojtitenci, Arktuche Tik«f»uo«o : SMm. Aotd. Imp. fki~, 8t. Fitersbonr^, tfr. Tii. XXXIII, No. 9, 

* P- Kntw, AitiukiM Kta«, 188*, (to Bumuo) p. 904 
■ M«oi. Can. 8fol. Rao., St. Pftetibonrg, VI, 1888. p. 474. 

* O. QmmtlUn, U fean» doi nlnri cob fwaliu drib dtl Final* Soeio, mIU prarlneit di Ptlarmo, 
1987. Tue. l,fli 
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name of Popanoceru is retainod, while the second group, consisting of Buch spe- 
cies, as are more nearly allied to P. antiquum, Waagen, is elevated to the rank of a 
separate genus, Stacheocera$. To the latter genus likewise belong the forms for- 
merly united in JFoogenia ( JTaagenina) by Krotow. 

The new genus Stachfocerat has, however, not been accepted without opposition. 
It was rejected by E. von Mojsisovics, 1 who considered tho characters of difference 
between Stacheocerat and Popanocerat, as enumerated by Gemmellaro, to be of a 
vory subordinate importance and not sufficient for a generic or even subgeneric 
distinction. Karpinsky 1 came to a similar conclusion in his beautiful memoir on 
the ammonites of the Artinskian stage, and maintained his view against tho argu- 
ments of Gemmellaro, who actively defended the introduction of a separate genus for 
the group of Popanocerat antiquum in a special appendix' to his above quoted 
monograph. A different view of this question was however taken by K. A. von 
Zittel, who in his recently published " Elements of Palaeontology *" accepted 
Stacheocerag as a proper genus, although he cannot be considered an advocate of 
too narrowly circumscribed genera. 

In face of tho results of the somewhat contradictory observations of E. von 
Mojsisovics, Gemmellaro and Karpinsky, it can scarcely be denied, that among the 
points of difference between Popanocerat and Stacheocerat, as enumerated by 
Gemmellaro, some are eithor problematical or of only very small importance. This 
remark applies both to the length of the body ohomber and to tho oharaotor of tho 
sutures. Novortheless a distinction can bo basod on tho following characters. 

Stacheocerat is of a more globose shape, turning discoidal only in later stages 
of growth. It is provided with a mora dolicato sculpture, its ornamentation con- 
sisting of thin radial strise only, but often distinguished by the presence of varices 
Tho importance of thoso characters has been compared by E. von Mojsisovics to 
that of the differences between two groups of the gonus Arcettet, viz., the sections 
of intnslabiati and of tubumbilicati. Since the latter groups have meanwhile been 
elevated to the rank of subgenera by E. von Mojsisovics' himself, I do not thiuk 
that tliis learned author will object any more to a similar treatment of Popanocerat 
and Stacheocerat. 

A subgeneric distinction between Popanocerat and Stacheocerat will certainly 
meet the approval of palaeontologists, who agree with Haug as to tho advisability of 
introducing a special subgenerio designation for the Spitsbergen and Siberian 
species of Popanocerat. For these species, which are distinguished by a more com- 
plicate sutural line, the name Parapopanocerat has been proposed.' 

'B r. M»/ri^M,,m«,ft«,i K , M kt,»h«Tr=»-. ln i MB lt.D do. .ordliobon SiVmm. Him. And. Imp.Sci. 
St. Pewwbourg, Ux. rii. XXXVI, Nj. S. 1BSS. p. 18. 

• A. A'arywij, Ueberdie inumrni rttr Aniiuk-Sluf* attd tjoig* nit deunlb«a »«rw»ndW nrbomKho fonnru 
Mfcn. Ae»d. Imp. So, St I'dMrtkranr, <#t. ™i. XXXVII, No. S. 1887. p. 67, 84. 

» O. Qrumeilaro, loo. cit, Appondic*. Palermo, 1889, p. 10. 

• JT. A- to* Ziltrl, Urondiug* dor PoliroatnliigM (Palmaoologic). 188«. p. 108. 

' E- r. ifytUnviet, Die Oplutlopodon dor lldUUUw Kalko : Abhiudlgn. K. K Goal. Bf-icbjanoialt VI, ii 
Thoil. p. JSi. 

• JT. J/a«y, l*» Ammonite, du P,iinicntt da Tri»» : BoD. 8oe. gM. Franc*, wr. iii. XXII, 1801, p. 495. 
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Another subgenera denomination will bo found necessary for a species from 
(he triassio rooks of British Columbia, which has boon described by Whiteaves as 
Popanooerat HeConnelli? It is readily distinguished from the Spitsbergen species 
of Parapopanecenu by its very distinctly angulated periphery. The lobes are 
minutely incised at their base and margins, but the saddles are not distinctly mega- 
phyllio, as is the case in the true PopanoeeroticUe. 

Up to now neither Popanoeera* nor Stacheocera$ has been found in deposits 
of an older than pormocarboniferous age. In pcrmocarboniferom and parmian 
strata of a pelagic faciea they are the most common ammonites. 

The occurrence of a species of Slacheoceras in the limestone of Chitichun 
No. I is therefore of no small geological importance, as, in correspondence with 
other evidence, it clearly proves these limestones .to be younger than upper car- 
boniferous in age. 



1. Fopakocbbas (Stachbocb&as) TRMtttTr, nov. sp. PI. I, fig. 1 a— f. 

Of this beautiful species the ohambered portion of the inner whorls of a speci- 
men attaining a diameter of 55 mm. and a few chambered fragments of the outer 
volutions are available for examination. It belongs to a group of forms, which are 
most nearly allied to Slaoheocerat mcditerraneum, Gemmellaro (La fauna dei calcari 
con Fusulina, p. 20, PL IV, fig. 2-6, VII, fig. 11-13) from the permian rooks of 
Sicily. 

In its general shape and outlines my type specimen is very similar to Stacheo- 
ceras Tiettei, Gemm. (PL V, fig. 1-8). It is thickly lenticular, with a very narrow 
umbilicus and a broadly rounded siphonal part. The involution of the slowly in- 
creasing whorls is very considerable. The projection of the spiral of the penultimate 
whorl meets the last volution above the middle of the height of the latter. 

The transverse section is broadly oval. The lateral parts are but slightly 
vaulted, and slope with regularly increasing convexity towards the umbilicus. No 
umbilical edge is developed. In the direction of the siphonal area the latoral parts 
show a very equal curve, and unite with the regularly arched external part without 
any proper demarcation. 

The greatest transverse diameter of the volutions is situated a short distance below 
the middle of their height. 

My specimen is an internal cast without any trace of a sculpture, I am not 
able to decide whether the shelly substance was smooth or covered with a delicate 
ornamentation, the fragments of the shelly layer, which have been preserved, being 
too incomplete and, moreover, deteriorated by weathering. But if any sculpture was 
ever present it must have been but very faint. 

No varices have been noticed. 

I jnatmt*. nwiMaOiof tbttriurioroditof Britiih Columbia : Contribution! to Canadian FHaontolog7. 
T«i I. Put ii, Moatfw). IBM, p. 188, PI. XVIII. ftg . 8.8. 
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The following measurements have been taken from the specimen, corresponding 
to a diameter of 52 



DkauUroftberiieU 6» mm 

„ „ „ aubilwu* S"6 n 

_. . ... , . ( from :ht tinililliml tutara < • . . 188 
He.ghtofth.lMtT.hitK™ [ ^ pr^dinjwbort . . . .11 

loftk.t 



Body chamber. — Unknown. 

Suture$.— The projection of the spiral of the penultimate whorl touches, in the 
last volution, the third lateral lobe at its inner margin. Slacheocerat Trimurli must 
therefore be classed among the species with three lateral lobes, whereas, us a rule, in 
this subgenus tho normal number of lateral lobes (two) prevails. 

Tho sutural line exhibits the semicircular arrangement, which, according to 
Gommcllaro, is peculiar to the group of Staelteoeerai mediterraneum. It is only in 
the vicinity of tho anterior margin of the last volution, that I have succeeded in 
tracing it out entirely. Corresponding to a height of the volution of 27 mm., the 
sutural line is composed of the following elements. 

A very deep and broad siphonal lobe is divided by & median prominence, which 
reaches only half the height of the siphonal saddle. This median prominonoo U 
slightly enlarged at its top, and interrupted by a broad funnel for the entrance of 
the siphuncle. The two branches of the siphonal lobe, which are very strongly in- 
dividualised, are longer than any of the following lobes. Each of these two branches 
is provided with a secondary indentation. Tho principal lateral lobe is bipartite. 
All the following lobes are tripartite. The two branches of the principal lateral lobe 
are quite symmetrically arranged, of equal length, and terminate in Bharp points. 
In the following lobes the central indentation is the largest, but the two lateral den- 
tations on each side aro as a rule, not symmetrical. 

There are seven auxiliary lobes present. 

The saddles are club shaped, and evenly rounded abovo. They regularly dimi- 
nish in size from the siphonal saddle in the direction towards the umbilical suture. 
This is a type of sutures, to which the term "serial " as proposed by Blake, 1 might 
be advantageously applied. 

In later stages of growth a further complication of the sutural lino is indicated 
by the development of an accessory indentation in each of the two branches of the 
principal lateral lobe. The triftd termination of the following lobos remains however 
unchanged. This character of tho sutural line is clearly developed in the fragment of 
an outer whorl, the height of which can scarcely have been less than 46 mm. As 
this fragment is entirely ohambered, the species seems to have attained a rather 
remarkable size. 

Number of tpeciment examined. — 1. 

Remark*. — Among the Sicilian species of the subgenus Siaeheoaeras the present 
one is most nearly allied to St. Tiettei, Geinmellaro, from which it chiefly differs by 



» 1. F. BMt, oaUwWtoftb. tlMiificttUm of Ama«nitt« : Fro* Q«l. 4,,, nil, pt ii. IBM, F % 
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the absence of ranees, and by the shape of the lobes, which in Gommellaro's species 
exhibit a bipartite termination. Regarding the character of the sutural line, my 
Tibetan specimen approaches more nearly St. mediterraneum, Gem. In both species 
the siphonal lobe stands deepest and is of an exactly similar shape, the principal la- 
teral lobo is bipartite, while the remaining lobes show a trifid termination. The 
only difference consists in the presenoe of a small accessorial dentation in the outer 
branch of the principal lateral lobe in St. mediterraneum. In their external charac- 
ters however the two species differ more strongly, the 8icilian form being provided 
with a comparatively large and funnel shaped umbilicus. 

Regarding tho development of the sutural lino there is no specks more nearly 
alliod to the present one, than Stacheocerat Krattnopoltkyi, Karp. 1 , (= Waagenina 
ntbinterrnpta, Krotow') from the Artinskian sandstones of Russia. In 5/. Krassno- 
poltkyi the principal lateral lobe is bipartite and the second lateral lobe tripartite, cor- 
responding to a height of the volution of 4 mm. Corresponding to a height of the 
volution from 7 to 10 mm., accessory dentations are developed in the branches of 
the principal lateral lobe. The number of lateral and auxiliary lobes together is six. 
From a comparison of tho development of the sutural line in both species it clearly 
results, that the siphonal and principal lateral lobes show a bipartite arrangement, 
each of thorn gradually developing accessory dentations, whereas in all the follow- 
ing lobes the tendency of a tripartite differentiation prevails. 

A similar character of the sutural line has been noticed in Stacheocerat Parkeri, 
Hcilprin (Proc. Acad. Nat. Sci. Philadelphia, 1, 1881, p. 63, fig. 1-2) from the permo* 
carbonifcrous rocks of Texas, and in Stacheocerat tp. ind. aff. Parkeri, Karpinsky 
(MSm. Acad. Imp. 8cL, 8t. Petersbourg, p. 75, PI. V, fig. 6) from the Artinskian 
deposits of {Russia. It is a pity, that only incomplete fragments of all these species 
have hitherto been discovered, as the largest specimen of St. Krattnopoltkyi reaches 
a diameter of scarcely more than 20 mm. A comparison of outlines with Stacheo- 
cerat Trimurti is therefore of very little use, as tho globose shape of the Russian 
forms may bo peculiar to young individuals only. 

In the Indian zoogoographical region the subgenus Stacheocerat is represented by 
three species, tho present one from the permocarboniferous rocks of ChitichunNo. I, 
St. antiquum, "Waagen, from the Jabi beds of tho upper Product us limestone of the 
Salt Range, and St. trident, Rothpletz' from the permian rocks of Timor. From 
the two later species St. Trimurti is easily distinguished. St. antiquum, Waagen (Salt 
Range fossils, I, p. 28, PI. I, fig. 10) is more strongly compressed, and its lateral 
and auxiliary lobes are all provided with a tripartite termination. In St. trident 
not only are the auxiliary and lateral lobes tripartite but even the siphonal lobe 
exhibits a trifid termination in each of its two branches. 

1 A. Karpimtf, Utber die Ammonwn 4«f AitinUk-Stufa : ftUn. Ami. Imp. Sei, St. Prftmboorg, t*t. yji, 
XIXVU. No. «. 1887, p. 7S, PI. V, 6g. 10. 

* A. Sarpituiy, Z»r AnuaaDWi-P>aii>d«r Artiiuk-fitah t M^agi. gooi. *t pal. til* dv Bull. Ami. Imp. 
Bel., 8L PeHmknurg, I, 30 Sot. 18»0, p. 78. 

*A. J?w*ff.f«.Di.PeBa.T.i«MiiidJiii».IonB.t5« ml Timor sad Botli, Fiitoontognpl**. XXXIX. 18»i. 
PUX, &, .4, p. 87. 

C» 
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Claw . LAMELLIBRANCHIATA. 

Order: AKI80MYARIA, Neumayr. 
Family : PECTINIDJi, Lam. 

Genus: AVICULOPECTBN, M'Coy. 

1. Avicumpectbn jay. jabiensi, Waagen. PI. I, fig. 4. 

Only the cast of a left valve is available to mo for description. My determina- 
tion as Aciculopecten aff. jabiettti is based on the fact, that this shell appears to be 
more nearly allied to this Salt Range species, 1 than to any other form of the present 
genua. An identification is, however, impossible, Waagen's species itself having 
been founded on a fragmentary specimen, with only the inside of its left valve 
preserved. 

The general outline of tho slightly inflated shell is nearly circular, with continuous 
margins, and of equal height, and breadth. The apex is about median in its position, 
shifted but very slightly towards the anterior portion of the valve, and but slightly 
prominent. It is limited on both sides by very unequal wings, the anterior of which 
is distinctly marked off from tho remainder of tho shell. The anterior wing is com- 
paratively small, although its exact sixc cannot be made out, its most prominent por- 
tion having been broken off. The posterior wing is very large, nearly flat, and 
limited on its upper side by a long and straight hinge line. It is broadly emarginatod 
along its posterior margin and terminates in a sharp point, which projects somewhat 
further than the most prominent point of the posterior shell margin. 

The sculpture consists of numerous (20 to 30) radiating ribs, which are broader 
than the intercostal depressions, separating them. Neither dichotomous, nor interca- 
lated ribs have been observed. They increase considerably in breadth, as they 
approach the ventral margin. The majority of them seems to bo slightly carinate. 
The two wings are perfectly smooth. Delicate stria of growth, extending parallel 
to the margin, are occasionally visible as impressions on the cast. 



My specimen is of very small dimensions. Its measurements are as follows :— 

Entire kogtb of lb* ibell .......... 11J nus. 

„ bcight »m. 10 „ 

ThiekuM of th» left t*]t« app. 1 „ 

Langtb of tb« biag* lis*, pntbublj ]0'5 n 

Api«kl aagl* witboct the wisp .boat 10S° „ 



Apart from its smaller dimensions, my specimen is very similar to A. jabietm*. 
The two forms agree perfectly well in their most characteristic features, in the 
outlines, in the general character of the sculpture, and in the development of a very 
large and pointed posterior wing. 

1 W. Silt Bang* MU : Pal. Indie* mr. xiii. I. Pnioeto* Wftow fowl,, p. 80S. Pi XXIII, fij. ». 
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Slight differences are obsorved in the details of tho sculpture- In particular the 
apparently carinate shape of the broadly vaulted ribs seems to be absent in the Salt 
Range species. The left Talve of the true Avieulopecten jabiemit, moreover, seems 
to be still less inflated, bo far as one may judge from Waagon's figure. In 
spite of these differences I do not think the specimen under consideration worthy 
of a proper name, although its identity with Avieulopecten jabientis is impro- 
bable. But the discovery of better materials, both of the Himalayan shell and of 
the Salt Range speoiee, must be awaited for, before anything positive can be stated 
in this matter. 

Number of specimens examined. — 1. 

Remarks. — "Was gen considers Avieulopecten indiancntis, Meek and Worthen, 
from tho Keokuk group of North America as the probable ancestor of A. jabientit. 
The singlo fragmentary specimen, on which the latter species has been founded, was 
collected by Waagen in the Cephalopoda beds of the upper Froductus limestone- 
Regarding the generic position of Aviculopeoten I refer to the description of 
A. hiemalit, Salter, in part •% of the present volume. 

This is the only specimen of lamellibranch in the collections from the lime- 
stone crag of Chitichun No. I, which is worth noticing. All the rest are so badly pre- 
served, that no specific description of them can be given. 

MOLLUSCOIDEA. 

Class : BRACHIOPODA. 

Order: TESTICARDINES, Broun. 
Suborder: APHANEROPEGMATA, Waagen. 

Family: PR OD UCTIDA?, Gray. 
Subfamily : PRODUCTINjE, Waagen. 

Genus: PRODUCTU8, 8ow. 

The genus Productut takes the most important part among the fossils of the 
permocarboniferous limestone crag of Chitichun No. I, in the number of species, 
although, as regards the number of individuals, some species of Athgris {Spiri- 
gera) are the most frequent. 

There are altogether nine different species, which must be attributed to this 
genus. Among the subdivisions of Product ns, established by L. de Koninck, and 
partly emended by Waagen, five are represent ed among the fauna of Chitichun 
No. I, viz. tho groups of lineati, semireticvlati, tpinosi, fimbriati and irregulare*. 
Although these groups are quite artificial, having been based almost exclusively on 
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the external Bculpture, I am obliged to accept them in the following classification, as 
I do not know of any other, based on more sound principles. 

A clarified list of the Produeti, which have boon collected bj our expedition in 
the pennooarboniferous limestone crag of Chitichun No. I, is drawn up in the follow* 
ing scheme 

I. Sbction. Lxxzati. 
e. Osocf or PsoDcctos NsmotiTt, Vera. 
1. P. littntn, Waageo. 

b. GSOOF OF PaODOCTUS 0OBP.0QATC*, M'Coy. 

S. r. Cera, Orb. 

II. Section. Semireticulati. 

t. GSOOP OP PSODUOTCS BEMIJtETtCTJLatCD, Mart. 

3. P. tmitetiotlatui, Mart. 
4. P. MivUntU, d'Orb. rmr., ehiUckuntntit, no v. Tar. 

rf. GSOUP OP PsODCCTBS COSTATT8, Sow. 

6. P. tticortatiu, Waageo. 

«. Gsour or Fkoooctiii poktlockumci, Norw. sod Prmtt. 
6. P. grstiomt, Waagcn. 

III. Section. Spixosi. 

/. Group op Pbodcctds Carcbimi, Vsm. 

7. P. cancriniftmii, Tachern. 

IV. SECTION. FlKBBIATI. 
f. Gsoup op Prodootiti Hcimoldti, Orb. 
8. P. Jbieki, Wssg. 

V. Section. Irrrgulabeb. 

1. Geodp or Fbodcctvs rbiatdb, Pitch . 
9. P. Monjolitw nov. . P . 



The majority of species, contained in this list, are identical with such, as 
in the Productus limestone of the Salt Range, especially in it* middle division. 

I. Section. Lixeati. 
a. Group oi PRODUCTUS NEFFED1EVI, Vera. 
1. Productus lineatus, Waagen. PI. IV, fig. 2 a-c, 3 a-d, 4 a-d, 5 a-d. 

18 S3 Prcdmciui Cora WOrVijayX Da-Maoa, Quirt. Imxxu OtoJ. Eat, XVIII, p. 81. 

1S7«. P. cor*, (Orb), TrautaehoU, Dia Kalktroeb- wo MuUcbkowa, PI. V, bg. 1, p. C3 (ija. ticlu.). 

1884. P. 1 1 km tut, Wiagan, Pal. Indict, Mr. liij. Salt Kauj;* Fo.nilt, I, Prodsctva Linmtont Foatui, 

PI. LZVI, fig.l. 3, PI LOCVII, fig. 3, p. 673. 
1869. P. U—tm, TtabarartebMr, Ham. Co«. G<«1. Ban., St. PAentairE, 111, No. 4. p, 3*2. PL VII. 

fig. 36, 37. 
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)W0. P. /iWw, Xikitfo. Him. dm. QM. Baa., 8U PiUnboor*. V, Ho. (, p. 188. 
]«>*P./.Ww 1 Sol*ll.i.n.Di.fiUMd M K.^^ XXXIX, p. 21. 

PI. Li* lfl-18,III,S*.l. 

This species, which is not raro in the permocabonif ero us limestone crag of Chiti- 
ehun No. I, agrees well with the figures and descriptions given by Wa&gen. As has 
been pointed out by this learned author, the shells, united formerly under the deno- 
mination of Producttu Cora, may be conveniently divided into two series of forms, 
one with a median sinus in the visceral region, and another without any median sinus. 
Our Indian species belongs to the first group, of which P. Neffedieti Verneuil (Geo- 
logic do la Eussie d'Europe, Vol II, Paleontologie, p. 259, PL XVIII, fig. 11) 
is considered as a prototype. 

My specimens vary very considerably in size and outlines. They never 
attain as large dimensions as Waagen's types from the Salt Range. The largest (PI. 
IV, flg. 4) scarcely exceeds in this respect Schellwien's smaller types from the car- 
nian Fusulina limestone. Specimens with an elongately oval outline are quite 
an exception. As a rule, the length and breadth of the ventral valve are nearly 
equal. Some of my specimens even exhibit a strongly transverse outline, re- 
calling in this respect the North American Productut multiitriatut, Meek (Rep. 
geol. oxpl. fortieth parallel, Washington, 1877. Pt. I, Palaeontology, p. 70, pi. 
VIII, fig. 3) from which they differ by their more shallow sinus. 

Tho ventral valve is always strongly inflated. In one of my specimens the later- 
al parts expand considerably, holow the level of the hinge line, as has been 
described by Trautschold and Waagon in specimens from Russia and the Salt 
Range. 

The median sinus of the ventral valve is never strongly marked, although in the 
majority of my specimens it is distinctly dovoloped. But there are certainly transi- 
tional forms between this species and P. Cora, whose only difference seemB to 
be the entire absence of any median sinus. While there are such transitional forms 
between Productua lineatut and P. Cora among my specimens, no similar ones 
seem to exist between tho present species and P. WeypreohH, Toula (Kohlenkalk- 
Fossilen von der Sudspitao von Spitsbergen, 8itzgsber. Kais. Akad. Wiss. Wien, 
math. nat. CL LXVIII, November 1873, p. 18, PL V, fig. 2, 3, and Kohlenkalk- 
und Zechstein-Fossilion aus dem Horns unci an dor Sudwestkiiste von Spitsbergen, 
ibid, LXX, 1874, p. 6, fig. 4) or P. imprettut, Toula (Permooarbon-Possilien von 
der Westkuste von Spitehergen, Noues Jahrbuoh, 1875, p. 236, PL V, fig.l), in 
which the median sinus is always considerably deeper, than in any other species of 
the group of Product m Neffedievi, 

The sculpture consists of numerous, delicate, radiating, straightly descending 
strise, which are occasionally interrupted by irregularly distributed tubercles. It is 
the presence of these tubercles whioh serves for a distinction of P. lineatut from 
the very nearly allied P. Neffedievi. I am, however, bound to observe, in agree- 
ment with Nikitin, that transitional forms between the two species seem to exist, as 
in some of my specimens the number of tubercles is hut very email. Nor is the 
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•onoentric sculpture of the wings a constant character, the folds being of a very urn- 
equal strength in different specimens and becoming even quite indistinct. 

The dorsal valve is not known to me. Nor are the internal characters of the- 
shell accessible in any of my specimens. 

Tho measurements from the largest specimen (8g. 4r), are approximately, as 
follows .— 

Lenjrtb of th« »h«jl !lnn. 

Bravdtb n „ w • . • • . . . • . • 36 *. 

Lm«tbofth* hic.ffliiw 84 ., 

Tbicknw. of Hi. TMinl t»1« a „ 

It has been suggested by Nikitin, that the internal characters of the Musoovian 
types of P. lineatut might perhaps differ from those of the Salt Range form. But 
as Nikitin himself does not give a detailed description of the internal structure of 
his specimens and, notwithstanding his own statement, accepts P. lineatut as inter- 
preted by Waagcn, there is, for the present at least, no sufficient reason for a specific 
separation of the Kussian and Indian types of the species. 

Humber of tpecimeni examined.— 8. 

Remarks.— Product** lineatut is a species of considerable) vortical distribution. 
It has been mentioned by Waagcn from the lower Product us limestone, where it is 
however very rare, from the Yirgal and Kalabagh beds of the middlo Productua 
limestone, and from the upper Productus limestone. In Russia the species occurs 
both in tho Musoovian and Gshelian 6tage of the central coal basin, in the 
Fusulina limestone of the Ural of upper carboniferous age, and in the permo- 
carboniferous Artinskian marls. By Schellwien the species is quoted from the 
Carman Fusulina limestone of the Krone in Carinthia of upper carboniferous age 
(Gshelian stage). 



b. Group or PRODUCTUS CORRUGATUS, M'Coy. 

2. Productts Coba, d'Orbigny (P. pbatteniancs, Norw. and Prat.). PI. IV, 

fig- 1. 

1843. Product™ Cora, d"Orbig»y, Vojag. dau lAnWSriqM Meridional* III, pt. it. Palfcmtokgie, p. 66. 
PI V, fign. S, ». 

185*. P. Pntitnianut, Norwood and PraMeo, J cam. Acad. Sat. 8cu, PKilublphi., *rr. ii, III. p. i;, 

PI. I, fig. NX 

For list of farther »ynonjn>»,»» WufM, P»l. Indira, mt. xiii, Salt Bang* YottAt, I, ProduclM limtrtcnf 

Po.rU, p. 8U, to wbieh tb. foUowloK mart b< addod :— 
186S. JWuWw Cora, Moller, Journal d M Miof*,8t. Pftonbotirg. p. 17», PI. 9, fig. 8. 
18«6. P. rirari-, Trantashold, Ball. 8oo. Imp. Nat Moaooo, XI* PI. V, 6* 1. 
l*Stt. P, Cora, T«b.niT,cboir, Mom. Coai-Qeol. Be«., 81. FoUwboorg, III, No. 4, p. 88S. 
lflW. P- Cora, Schfllwien, Di» fauna de* KariiiwbM FanlinonkaUts, Pdeootogtaphica, XXXIX, p. tl, 

PI. Ill, ug. 8. 

With tho present species I identify two ventral valves, which do not exhibit any 
trace of a median sinus, and by this character differ remarkably from Produetut 
lineatut. The presence of a few irregularly scattered spines on the surface marks 
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my specimens as specifically distinct from P. cormgaltu, M'Coy (Synopsis of the 
characters of the Carboniferous Limestone Fossils of Ireland, PI. XX, fig. 13, 
p. 107), which otherwise shows the same configuration and the same inflation of the 
ventral valve. Traces of indistinct spines may also be observed along the hinge 
Una 

My specimens are of nearly oqual length and breadth, so far as this can be 
made out in their incomplete state of preservation. They are provided with toler- 
ably spread out wings. Their hinge line corresponds to the greatest breadth of 
the shell. 

Concentric folds or wrinkles are but quite indistinctly developed. The charac- 
ter of the radiating strim, wbioh cover the surface of the valve, is exactly the same 
as in Productus lineattu. 

The specimens are smaller than the largest types of P. limeatut from Chitichun 
No. I. The figured specimen is about 18 mm. long, 20 mm. broad, and 12 mm. 
thick, but it is barely possible to give exact measurements, as it has not boon pre- 
served entire. Neither the dorsal valve nor the internal characters are accessible to 
observation. 

Number of tpecimens examined. — 2. 

Bemarks.—W su\gsn refers the American Product tu pratienianui, Norw. and 
Pratt, to the true P. Cora, but considers the Russian Prod. Cora, Moller, as 
specifically distinct from d'Orbigny's species. Tornquist (Dos fossilf uhrende Unter- 
carbon am Ostlichen Rossbergmassiv in den sud-Vogcsen, AbhandL zur geologischen 
Special-Karte von Elsass-Lothringcn, V. Heft 4, Strassburg 1895, p. 62) likewise 
asacrtB that the true P. Cora is probably altogether wanting in the carboniferous 
strata of Kurope. 

The Russian authors, who have been working out recently the description of 
the younger paUeozoio faunas of their country, do not, however, follow this view. 
Tschcrnyschew positively asserts that the Russian examples cannot be distinguished 
from P. Cora, and that they will consequently require to be added to the synonyms 
of d'Orbigny's species. 

Product ui Cora, if taken with the definition attributed to this form by the 
Russian geologists, is a species of a rather wide geographical and geological distribu- 
tion. In Russia, it has been found in the Moscovian stage, in the upper Fusulina 
liiniwtone of the Ural where it is the leading fossil of a special horizon, and in the 
Artinskian stage of permocarboniferous age ; in America in the coal measures of the 
Mississippi valley through the whole thickness of which it ranges', and in the 
carboniferous and permocarboniferous strata of Missouri, Nebraska, Yarbichambi 
(Bolivia), and Itaituba (Brazil) ; in the Salt Range it occurs off and on through the 
whole vertical extent of the Productus limestone but most numerously at the very 
base of the fossiliferous lower Productus limestone. It has been also obtained by 
8chellwiea from the Carman Fusulina limestone of upper carboniferous age. 



> littk in a King'. K.pWi.0 of UM 40th pomlUd. Vol. IV. p. 73. 



18 HIMALAYAN FOSSILS. 



II. Section. 8EMIKETICULATI. 

c. Gbotjp op PRODUCTTJ8 8EMIRETICULATUS, Mart. 
3. Peodtjotus 8BMIRCTICCLA.TU8, Martin. PI. II, fig. 1, 3, 5, PI. Ill, 1, 2. 

1800. Anamltt itmirtticulatut, Martin. P<trifieala Drrbjaiule, PL XXXII, fig. 1, S, PI. XXIII, fig. 4. 
1846. Product** trmir«iieuiatM4, 8a VeroeuiL QeologSa da la Baaaie d'Surope, Vol. 11. Paloaotologtt, PI. 

XVI, fig. 1, •« PL XVIII, fig. 9, 10, p. £6*. 
1B47. Pndut-tut ttmirtiieuiatut, h. da Koninck, Moaographie dee g»nrr« Preduetae «t Cbocitea, PL VIII, 

fig. 1. PL IX. fig. 1, PL X, fi*. I, p. 88. 
18*3. PnJuc4ut ttminticulatut, Datideon. iloo.:^r»,.li of Britieb Carboniferaue Ervhic.)*!*, p. 149, PL 

XLIII. &g. 1-11, PL XLIV. fig. 1-4. 
1874. Prodvclui umirttieulatmt, Meek and Haedea, Final Beport of tie U. g. OeoL Bareey of Nebraekn, 

p. 160. PI. V, fir 7. 

1874. P. minfMahi, Derbr, Catbonifavaa Brachiopoda of Itaitube, Bell. Cornell UniTetaitj, Itbaea, 
I, No. 8, p. 47, PL IV. fig. 8, PI. VI, fig. IS, PL VII. fige. 8. «. 7, 15, 18. 

1878. P- ttminticulmluM, Toala, PenDoearboa-Feaxilaea wo dar WeetkUaU too 8pitibergeo. Xrvn 
Jehrtraoh. p. 834, PL VI, fig. I a, b, e (ao* d). 

1878. P. itmintiettlatat, Trentechnld, Dig Kalkbiliohe toa Miataehkeva, PL V, fig. 8. p. M. 

1877. P. wattrrfifa/anw, Ueek, Clareaoe Bung, Report of the Geological Exploration of tae fortieth parallel , 
Vol. IV, PetnoBteUer. p. 69. PI. VII. fig. 6. 

1883. P. tevtirrtUulatut. Kareor, Ob*rGirSomirlie Fauna too L [ iDg, RicMbofWt Cbina, IV, p. 181, PI. 

XXV, fig. 1-4- 

1884. P. <f mireffeatoae, Waagon, Pal. Iadiaa, Mr. xiii. Salt Benge Fowile, 1, Piadaolat Lbneatoae foeole, 

p. 679. fig. IB a, b, e. 

1889. P. —miretitnlatiu. Taaberayacbnr, Mam. Com. Gaol. Row., St. PdUraboorg, III, No. 4, p. 378. 

1890. P. —mintiealottu, Waltber, Uoberoiae Koblankalk-Feana eas dot ngjptiaab^rabitehaa Wuata, 

Zeitaehr. Dent«be Gaol. GeorU«b.. XLII, p. 488. PI. XXVI, fig. 8-11. 
1893. P. umirHinlalut, Sebcllwiea, Die Faaaa dee Karnietben Foeoluieiikelke, Falvxotograpb.oa, XXXIX. 
p 28.PI. II. tg 1J. 

1693. P. ttmirttidUotif, BothpleU. Dia Perm- Triae- and Jura-formation tat Timor and Botti, Fal*»B.ti>- 
grapbloa, XXXIX, p, 77- 

1S94. P. Marir«fi>a/iXBf, Sohrllwiaa, TJebrr eiae eageblieba Kehlenkalkfaoiia aaa dor r(rTt.ti«l>-a/»biafha» 

Wuatr, Zcitaebr. Deutneoe Gaol. Geeotlach. XLVI, p. ~\ 
1898- P. nmirttienloltu, Tornqqiat, daa foerilf uhreaile Unterrarbnn am oetlieben Boaeberg<M«eie ia 

daa •Od-Vogeeea, Abhandlgiu ror OeoL Spaeial-KarU too Blraea-Lothringro, V. Haft 4, p. 00. 

PL XIV, fig. 10, 13. 

This well known, extremely characteristic and far spread species of the genuB 
Troducttu is very numerously represented in the pcrmocarboniferous limestone of 
the Chitichun crag. The preceding list of synonyms might easily have beon enlarged 
considerably, but tho quotations given in respect to the present species, are sufficient 
to prove that it is the true Produclw $emireUculatut, with which my specimens, I 
believe, must be identified. 

Notwithstanding the variability of the shells belonging to this species, their 
principal features are always sufficiently characteristic, to make their distinction 
comparatively easy. Tho majority of the specimens belong to the group of strongly 
sinuated varieties of P. *emireticulatu$, which in strata of upper carboniferous 
and pcrmocarboniferous age considerably predominate over the types with a shallow 
median sinus. Nevertheless the latter shape, which, closely resembles tho typical 
form of the species, is not altogether absent. The specimen, figured PI. HI, fig. 3, is 
a representative of this group, being provided with a very shallow, indistinct depres- 
sion along the median portion of its ventr valve. This depression extends only at 
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far aa the visoeral part, but lowor down disappears almost entirely, aa in Davidson's 
.type specimen (PI. XLIU, fig. iy 

The shape, which is most frequently met with among my materials of this 
species from Ohitichun No. I, is tho specimen figured PL II, fig. 1. 

In its general outlines it resembles most closely tho typos of P. $emireticulatui, 
collected by F. von Riohthofen near Loping and figured by Kayser, or Trautechold's 
specimen from M btsohkowa, whose dimensions, however, it considerably exceeds. 
It is transversely oval and is provided with a bingo line, whioh is shorter than 
the greatest breadth of tbe shell. The ventral valve is moderately vaulted. Its 
auriculate expansions are distinctly developed, but are not produced beyond the lateral 
margins of the valve. The beak is strongly incurved but overhangs the hinge line 
but slightly- The apical region is reticulate. The reticulate sculpture extends 
for a distance of 55 mm. from the apex, measured along tho curve, or across two- 
thirds of the length of the valve, excluding the trail. Tho radiating ribs, which 
cover the frontal and lateral parts of the shell, are rather regularly disposed and 
of nearly equal thickness. There are from 6 to 7 ribs within tho space of 10 mm. 
The larger number of ribs are simple. Bifurcating or intercalated ribs are quite an 
exception. Tho number of spines is very limited. All my specimens agree pretty 
well in this respect. If any spines do occur, it is upon tho wings, in tho vicinity of 
the hingo line. 

The dorsal valvo is moderately ooncave. A flat median fold corresponds to the 
sinus in the ventral valve. Its ornamentation is exactly of the same character, as 
in tho specimen figured by 'Walther from the upper carboniferous limestone of tho 
Egyptian desert (PI. XXV, 6g. lib). 

The majority of the examples, more or lees, closely resemble the specimen 
under consideration. Between this typical form of P. semireticulatu* from the 
Chitichun limestone and tho rest of tho specimens differences are perceptible, with 
regard to both shape and sculpture. 8ome of them exhibit a very strong geni- 
culation in the lower portions of the two valves, but in tbe majority the ventral 
valve, at least, is simply semicircularly curved. Their outlines are rather variable 
although not a single one is clongatcly oval. In one the greatest breadth of the 
shell is nearly twice its length, whereas in another the difference between these 
two dimensions is only insignificant. 

Another character of variability is the depth of the sinus. The presence of 
forms with a shallow sinus, recalling tho typical form from the carboniferous 
limestone of Belgium and England, has been mentioned in the preceding description 
of tbe species. Between this form (PL III, fig. 2), and the specimen, figured 
PL HI, fig. 1, every degree of intermediate shapes may bo observed. The latter 
example is characterised by its extraordinarily deep sinus. In this respect it may 
be compared to P. temireticulatu* var. bathykolpot, SchcUwion (Pakeontograpbica, 
XXXIX, 1892, PL II, fig. 4-10, p. 22), from the upper carboniferous Fusulina 

» SimiUr iptaimni h»r« b«ra BMntuHiad bj Kirkby from tU ootlmaMTUM of Tit* M ProJmctm ttmircticu- 
let*, nr. Martini. (On tin occvnwM ol nurtnt foniU is tl» cmlnw** at Fift : Quit. J our a. Oeol 80s. Lw* 
doa.XLIV, 1888, p. 750). 

S * 
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limestone of the Carnian Alps. But the smaller size, which Schellwien considers to 
be a constant character of the Carnian variety, is a point of difference between the 
latter and my Tibetan specimen. 

The ornamentation varies with regard to both the width of the ribs and the 
interspaces between them. In an average sued specimen about 60 ribs may be 
counted on the frontal and lateral parts of the ventral valve, 5 to 8 occupying the 
space of 10 nun. 

The dimensions of the species are also extremely variable. The largest specimen 
is 65 mm. in length, and 55 mm. in breadth. The average size of the specimens from 
Chitichun No. I is represented in PI. II, fig. 1. The measurements of this specimen 
arc as follows: — 



length of too tMl in » airtight tin* 47 




LunRlh <rf th< binge lis* »pp. SS „ 

Tkiskncu ot Uw Ytotral r»lw> 36 » 



In this specimen the trail has not been preserved. 
Number of tpedmem examined. — 20. 

Bcmarki. — I scarcely need dwell upon the importance of Producing temi reticu- 
lata as a fossil of uncommonly wide geographical distribution. Unfortunately its 
geological range is scarcely less extended, as it ranges from the Bubcarboniferous 
rocks of North America and from the mountain limestone of Western Europe through 
tho carboniferous system into permocarboniferous and probably even permian 
e<t rota (Timor). From the predominance of forms, provided with a deeply impress**! 
median sinus, in upper carboniferous and permocarboniferous strata the myth has 
originated, that the form with a shallow sinus, which is most frequently met with in 
the mountain limestone is replaced by the sinuated variety in younger horizons. 
But the examination of my materials from Chitichun No. I gives evidence to the 
contrary, forms with a (shallow sinus and strongly sinuated types being indiscrimi- 
nately mixed together in this permocarboniferous fauna. 1 



4. Phodtjctus boliviensm, d'Orbigny, nov. vab», CHrncHPNENsis. 

PI. II, flg.2,4. 

♦ 

1893 ft) Product** »p. i*d^ BotlipieU, Di* Perm- True- nnd Jan-formation ui Timor u 
MMBtogKpbko., XXXIX, p. 77. PL X. Sgm. 17. 18. 

Much difference of opinion has been expressed as to the specific value of Pro- 
ductu* bolicien$it, Orb. (Voyage dans l'Amerique Meridionale, III, pt 4, Palseonto- 
logie, p. 62, PL IV, fig. 5-9). Some have considered it as only a variety of P. 
*emireticul(du$j whereas L. de Koninok, Tschernyschew and NDritin maintained 
it as a separate species. As characters, which may serve for a distinction of the 
two closely allied forms, the strong curvature in the profile of the spirally inrolled 
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ventral valve, the deep sinus, the transversely elongated shape, and the preeonoe of 
the distinctly doOned, strongly diluted cars have heen enumerated by L. do Koninck 
(Mem. 800. Roy. Sci., Liege, IV, p. 177, PL VIII, fig. 2, and Monographic des 
genres Produotuset Chonetes, p. 77, PI. VIII, fig. 2 a, b, c), who based his diagnosis 
on d'Orbigny's type specimen, from Yarbiohambi (near lake Titicaoa). 

The last mentioned character seems to be the most important one. Sohellwien 
(Paheontographica, XXXIX, p. 23) lays a special stress on this remarkable feature, 
although he quotes P. bolivienni* only among the varieties of P. $emireticulatu*. 
Nikitin (Mem. Com. GcoL Rusa., St. Petersbourg, 1S90, V, No. 5, p. 57) likewise 
considers tho " very large wings," combined with the involute shape and the deep 
sinus, a character of Bpocific value, which permits the separation of P. boliviemU 
from P. aemireticulattu. Grunewaldt (Beitrage zur Kenntniss der sedimentaren 
Gebirgsformationen etc. Mem. Acad. Imp. Sci., 8t. Petersbourg, i860, ser. vii, II, 
No. 6, p. 119) in bis description of a Productu* from Saraninsk, which he identifies 
with P. tcmiretieulatu; expressly remarks, that this form is distinguished from 
Martin's species by distinctly defined, strongly expanding ears, a character which 
has never been detected in the true P. atmireticttlatut. He further states that he 
would undoubtedly have compared this Russian form to P. bolitietnit, had not 
the presence of transitional typos between tho former and the true P. $mireti- 
culatut prevented him from doing so. 

Thus palaeontologists are far from unanimous with reference to tho specific or 
varietal rank of P. bolivietuii. I am, however, inclined to believe that both 
L. de Koninok and Nikitin are substantially correct in separating this species 
from P. temirettculalu*. on account of its remarkably Well developed aurioulate 
expansions, whereas the othor characters of distinction, enumerated by tho above- 
mentioned authors, appear to me of only Bomewhat Blight importance. 

Among the material from Chitichun No. I a considerafeki number of specimens 
are I think, most nearly allied to d'Orbigny's P. balivien$it. Thoy differ from P. 
temiretictdaiut, which is, however, the more common species in the Chitichun 
erng, by their smaller size, the strongly transverse shape, a more dolicate sculpture, 
but especially by the presence of unusually expanded ears. The ears are more or 
less distinctly marked off from the remainder of the shell and recall the wings of 
P. giganteus, Mart. They are inflated, slightly emarginated and obtusely rounded 
at their extremities. 

Both the curvature of the profile and the depth of the sinus are as variable as 
in P. temireticulatus. The ventral valve, figured PI. II, fig. 4, resembles closely 
Nikitin'B type specimen from GsheL (loc. cit. PI. I, fig. 4). It is strongly in- 
rolled, with a slightly flattened space not far from the apex, which extends almost 
as far as the reticulate portion of the valve. It is provided with a deep median 
sinus, whose shape seems to have been somewhat altered by pressure, and with a 
distinctly prominent beak. In the specimen, figured PI. II, fig. 2, the profile of the 
ventral valve is less strongly curved, and the sinus but shallow. The unusually 
expanded ears recall the figures of P. gigatUeu*, given by L. de Koninck on PI. II 
of bis monograph of the genera Productu* and Chonetet. 
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A third specimen is much more strongly inflated than the two figured types. 
Its ventral valve is regularly vaulted, and of a simple semiglobose shape, like 
d'Orbigny's type specimen of P. bolivieutii, or the Russian examples from Saraninsk, 
described and figured by Grunewaldt (loo. cit. PL III, fig. 1). 

In tho Tibetan spocimens the sculpture is much more delicate than in tyjws of 
P. lemireticulatut of the same size, and also more delicate than in any of the figures, 
which have hitherto been given, of P. boliviemit. 

The longitudinal ribs are less thick than in Nikitin's type specimen from Gshel. 
They occur to the number of 12 to 15 to a space of 10 mm. at least in the vicinity 
of tho front margin, where they augment considerably, mostly by bifurcation. In 
the reticulate portion of the valve about ten longitudinal stria occupy a breadth 
of 10 mm. They are but slightly surpassed in width by the concentric wrinkles. 
The longitudinal ribs are occasionally nexuous. The spines are irregularly scat- 
tered on tho surface of the shell and of unequal size. 

The large number of longitudinal stria:, which, according to the figures given 
by L. do Koninek and Nikitin, do not seem to agree with the true average characters 
of d'Orbigny's species, may be found a sufficient reason for distinguishing my Tibetan 
examples by a proper varietal denomination. I think, the name P, bolivientit 
var. ckilichunentit might be advantageously retained for them, in order to mark 
their sufficiently well defined differences from d'Orbigny's typical form. 

The dorsal valvo is strongly concave. A shallow median fold is not always pre- 
sent. Both in its shape and sculpture it is very similar to tho dorsal valve in P. 
lemireticulatut. 

The measurements from tho specimen PI. II, fig. 4, which are however approxi- 
mate only, on account of its incomplete state, are as follows 

Length oftb.iKJl in ntxiightKoe .pp. U mm. 

i. tlong U» «uiy« » W 

GmtMt bwrndth ol tt>« tbell ......... J8 „ 

TbickMM of the rntnl »iit 19 ., 

The internal characters of this species are not known to me, nor can I find any 
notice of them in the descriptions of tho abovementioned authors. 
y umber <>/ tpecimen$ examined.— 6. 

Eemarki.— In his monograph of tho perniian find mesozoio fossils from Timor, 
Rothpletz described and figured two specimens of a Productut, which certainly belong 
to the section of temirelieuleUi, but differ from the true P. lemireticulatut by 
their much more delicate ornamentation, 12 to 10 radial stria} occupying a space 
of 10 mm , i.e., nearly twice as many as in Martin's species. Rothpletz, although 
considering this Productut to be a proper species, quotes it only as Product ut tp. 
ind. on aooount of the incomplete state of his specimens. I am inclined to 
boliovo that this species may prove identical with my Tibetan varioty of P. bolivi- 
crisis, but the fragments from Timor are too imperfectly preserved to establish their 
identity with full certainty. 

The geographical and geological distribution of the true P. bolt vie 'mis is but 
imperfectly known. The species has been mentioned from tho coalmeasures of 
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Yarbichambi in Bolivia and of Missouri (Norwood and Prat ten), from the upper 
carboniferous limcstono of Central Russia and of the Ural Mountains (Tscherny- 
sohew), and from the Artinskian horiion of permooarboniferous age. 

d. Group or PRODTJCTU8 COSTATUS, 8owerby. 
6. Pbodtjctus tf. subcostatcb, Waagen. PI. II, fig. 6 o, b, e. 

1884. JW«««t nbenlaiut, W.,g«, P.L Indie, wr. lui, 8»lt Bug* PomU.. I, Products Lim«ten. Fowl., 
p. 685. PL LXV1I, fig* 4, 6, PI. LXV1II, flg.. 1, 8. PI. MIX. fig. 4. 

The rather badly preserved cast of a dorsal valve with a portion of its trail 
which is alone available for description, agrees pretty well with the figures of the 
present species, as given by Waagen. An identification is however not possible, 
on account of the insufficiency of the material. 

As it iB the cast of the valve which is represented in the figure, its shape and 
sculpture are just the reverse of what they would be if the sheU wore visible from 
the outer side. If wc describe it as from the outer side of the shell, it exhibits a 
transversely elongated, regularly concave shape, with a blunt geniculation marking 
off the trail from the remainder of the valve. A median fold is distinctly developed 
in the frontal region of the visceral part and extends over the trail, apparently 
corresponding to a deep and rather narrow sinus in the ventral valve. 

The wings are flat and distinctly separated from the visceral part. They are 
covered with concentric wrinkles, which contrast sharply with the strong radial 
plications of the trail. There are 28 radial ribs present. The visceral part of the 
valve is strongly roticulato. Tho figure Co gives a tolerably clear idea of this sort of 
sculpture. The deep grooves along tho inner margin of the wings, which Waagen 
considers to be the most singular feature in the dorsal valve of P. tvbeottatut, are 
distinctly indicated. 

As the present shell agrees in every respect with P. tubcosiatua, I think myself 
justified in provisionally attributing it to Waagen's species, without venturing 
however to pronounce it identical with the latter. 

Bemarka.—P. tubcottalua has been collected by Waagen in the Virgal beds of 
tho middle Product us limestone and in the Khund ghat bods of the upper Productus 
limestone of the Salt Range. It is a rare species and has not as yet been discovered 
outside tho Punjab. 

e. QEorp op PRODUCTUS PORTLOCKIANUS, Norw. and Pratt. 
6. Productus gbatiosus, Waagen. PL III, figs. 3—7. 

IMS. Pndmttut ttmirtliculatui (Mtrt). Bijriob, Uttwrtis* K»M«:ik*lkfaiin» too Timor. Abiiailtfa 

K. Alttd. Wim. Berlin, 1SS4, PI. II, fig. S. 
1884. PreJ. t ration; Wngto, Pa. Iadm, Nr. xiii, 8«h Bwgt Fowib, I, ProdiMtu Liawtoo* Fo«ii.. 

t . 8M, PL LXX1I, fig.. 8-7. 
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gnphii*, XXXIX, p. 76. PI. X. 6g. 16. 
HOT. M^iHHm.mVnMH, fehriUlM. Dh F.oti* de. Kiraucbre Patoliimikalks, Pilam.. 
totnpbMm. XXXIX p. 27, PL HI. ftg. 6-9, PI. Till. fig. 24. 

This elegant species ia one of the most common types of the genus Product w 
in the permocarboniferous limestone of Chitiohun No. L The figures given on 
PL III of this memoir show on the one hand the absolute identity of the Tibetan 
and Salt Range specimens, and on the other hand the great variability of the species. 

The largest specimen (fig. 5) ia exactly of the same size as the largest type of 
this species which "Waagon has mot with from the Froduotus limestone of the 
Punjab. But in the Chitiohun crag, as in the Salt Range or in the pcrmi&n rocks 
of Timor, specimens of bo large dimensions arc quite the exception. 

Regarding the general characters of P. graiiotut, which can scarcely be con- 
founded with any other species of the genus, I have but very little to add to 
"Waagen's description. 

The ventral valvo is always strongly inflated, slightly geniculate*!, and provided 
with a deep but comparatively narrow sinus, which originates in tho immediate 
vicinity of the apex. In one of my specimens (fig. 7) the sinus is extraordinarily 
deep, considerably deeper than in any of the types from the Punjab. The ears 
are small, but distinctly defined, if they have boon preserved at all, which is 
however rarely the case. The delicate reticulation is confined to the apical region. 
The strongly profiled radial ribs converge towards the mesial sinus and bifurcate 
rather frequently. The specimen fig. 0 is a good example of this sort of sculpture. 
The spines are very thin and numerous, but can only be observed in perfectly 
preserved specimens (fig. 4). On the casts the place of insertion of the spines is 
marked by small grooves, rcsombling the impressions of a sharp needle (fig. 3). 

The dorsal valve is concave and provided with a prominent median fold. The 
reticulation extends considerably nearer to the front than in tho ventral valve. 
The fan shaped character of the longitudinal ribs is very well exhibited in the 
figured specimen (fig. 3). 

The measurements of my largest specimen are as follows :— 

Ungth of tkt tUW ia a straight lia* 27 mm. 

„ „ k ■liHig tlie corTe . 6S M 

lfp;*ilth of tb« fch*U • .SB* 
TbkkM.eithtmitrdtiW. 17 „ 

Notwithstanding the great variability of my specimens, there is not a single 
one among thorn, agreeing with P. gratio$ut var. ocoidentalit, Schollw., from the 
Carnian Alps. The prominent ridges, which in the Oarnian types mark off the 
wings from the remainder of the ventral valvo, have not been noticed in ray Tibetan 
Bhella. Thus the Alpine variety seems to bo distinguished from the typical form of 
the species by a constant, though rathor subordinate character. 

Number of specimen* examined,— 2\. 

Remarks, — Product u» gratiotut is most numerously represented in the middle 
division of the Salt Rango Froductus limestone. It is rare, both in the Katta beds 
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and in tho upper Productua limestone. In the lower Produotua limestone it has 
not been discovered. Rothpletz recognised the species among the pennian fossils 
from Timor. A variation of the true P. gratiosut has been collected by Schellwien 
in the upper carboniferous Fusulina limestone of the Carnian Alps. 

The affinities of our species to P. portloekianut, Norw, and Pratt., P. long it- 
pinus, Saw., P. griffithianui, de Kon., and P. cottattu, Sow., have been fully discuss, 
ed by Waagen, Schellwien and Rothpletz. Regarding this subject I consequently 
refer to the monographs of these authors quoted above, 

III. Section. Srrxosi. 
/. Group op PRODUCTUS CANORINI, Verneuil. 
7. Prodcctus cancbdjiformis, Tscbernyschew. PL IV, figs. 6 a, b, 7 &-d. 

1889, Produetut ca'criitiformii, TicbernjiolMw, AllgcmeiDa gecluf'.icii* KirU tot Buailiuid. Blatt 139, 
Brtehraibung daa Ontial L'rol sail do Wtaubtuagn, M4in. Com. Gecl. Rum,. St. Pitanbaniy, 
Ill, No. 4, p. 373. pi- VII. figs Si, S3. 

1898. P. e**eri*ifermit. Vxmm, Pal. lndiea, «. it, Himalayan r'oa«i]a, I pL ir. Tba paroiau f»no* of tli« 
ProdoetOB •ttalo, «t«., p. SI, PI. I. fig*. 7-10. 

For a compUU U»t of ajDoovma I refer to lliit memoir. 

This oharaoteristio species is represented in my collection from Chitichun No. I 
by two incomplete ventral valves, agreeing very well with TsohornyBchow's type 
specimens, for the loan of which I am greatly indebted to Professor Th. Tschemy- 
schew of St. Petersburg. They are of the came size as the latter, and are consider- 
ably larger than the average sized specimens from the Himalayan Productus shales. 

The better preserved of my two examples particularly resembles in its shape and 
sculpture Tschernyschew's type specimen from the Rijas Rivet (fig. 33). Their 
only difference consists in the larger number of the wrinkled, concentric folds, which 
extend from the wings and lateral margins across the entire shell. Otherwise the 
ornamentation is of exactly the sarao pattern, consisting of numerous delicate strite 
and elongated spines. A few small erect spines are placed along the hinge line. A 
median sinus is completely absent. 

In my second specimen the surface has been more strongly weathered. In its 
sculpture therefore tho concentric ■wrinkles remain as the only predominant features. 

I do not hesitate to identify these specimens with P. cancrintformit, although, 
without the knowledge of the dorsal valve, it is rather difficult to make tbeir deter, 
ruination with sufficient accuraoy. There is especially one species in the American 
coolmeasurcs of Nebraska, which strongly resembles P. cancriniformi*, and this is 
P. perlenuit, Meek and Ilaydcn (Final Report of the U. 3. Geol. Survey of Nebraska, 
p. 164, PL I, fig. 14, PI. VIII, fig. 9). According to Tachernyschew, tho two species 
can be distinguished only by the shape of the dorsal valve, which is flat and strongly 
geniculate in P. eaneriniformit, whereas it is strongly curved in P. perlenuit. Never- 
theless I am not inclined to assign my specimens from Chitichun to the American 
species. P. per tenuis is always small, the largest specimens reaching a length of 
about 15 mm. only, whereas in my specimens the entire length of the shell is more 
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than 20 mm. Nor aro the concentric wrinkles so strongly defined in any of the 
types figured hy Meek and Hnyden as in P. cuncrintferniit. 

If the larger number of concentric folds should prove a constant character in 
the form from Chitichun No. I, it may be considered desirable to distinguish it from 
the typical Prod. cancrin\fvrmi« by a varietal denomination. For the present, 
however, this difference appears to me of too small importance to make the shell 
under description a distinct variety. 

The measurements of tho more complete specimen (fig. 7) are the following :— 

Leopth of tot d*U in a »tr»i„bt li« Umm. 

** *• » aluog tbe ouiia ...... • 43 ., 

Brwdth of tlw shell 94 „ 

Thleknew of tlw wntid vaW 11 ,. 

Number qf specimen* examined.— 2. 

Btvtarki. — Tscbernyschew's type specimens of this characteristic species were 
obtained from tho Artinskian horizon of tho Ural Mountains. Schellwien mentions 
it from the upper carboniferous Fusulina limestone of the Carnian Alps in Carintbia. 
It is a common fossil in the pcrmian Productus shales of the Central Himalayas. 
In Central Asia it has been collected by Bogdanowitsch in the brachiopod bearing 
limestone near the Guwass River (Western Kwen Lun) of permocarboniferous o r 
permian age. 



IV. 8ection. Fimbbiati. 
g. Gboup of PRODUCTUS HUMBOLDTI, d'Orb. 
8. Pboductcs Abicdi, Waagon. PI. Ill, fig. 8 a d. 

1863. Prviuttt Bmmbetdti, (d'Orb.) Davidwo, Quart. Joaro. Geol. Bit, London. XVIII, p. 33, Pi. II, 
fig.fl. 

18*3, P. HumbolJti. (d'Orb.) Rnridaon in L. da Konlock, Memoir* rarl** TomUm faleoaoinuat r«n«iiin 

dans llnda. p. 3». PL XII, fig. 6. 
1678. P. Kvtirifa/w (Martin) Abioh, Qeolagitch* Foracbnngsn in d«n Kaaka*it«ben Undent, Bd. I, 

Uebsr «ia* Bsrgkalk lint ans d«r AxsiwEoge b«i Djoalfa, p. 33, Tif. V, fig. 3. 
187V. StrophaJttia Jpfvmmm, (V«r».) t. Molter, Uebm die batbrologiseb* 8t*Uung das jungwo jKlxn- 

teiacben 8chi*bt«iUT«tenM too Djoalfa in Annruirn, Nests Jabrbuch, p. 223, 334. 

1883. PndMcttu Sumboldti, (d'Orb.) Ljdfkkor, Qeolagj of tho Kashmir and Chatnba Tcrritorits nod of 

the British distriet of Kbagbfin. Mem. GmI. 8ar?. Ind.. XXII, PL It, fig. 3. 

1884. P. AiieK, Wugra, Pal. Indira, Mr, xiii, Salt Bang* fossil*, I Productus Lunasvone Fossils, 

p.eW.PLLXXlV.fig. 1-7. 
1899. P. Abieki, RoU>pl*U Die Perm- Trial- nnd Jora-fonnnUoc auf Timor and Rotti. PnlavntogTapbk*, 
XXXIX, p. 1«, p).X, fig. SO. 

This species, which has been excellently doscribod by Waagen, is represented in 
the materials from Chitichun No. I, by two ventral valves, tho smaller of which, 
though slightly weathered, is sufilciently well preserved to allow its identification 
with certainty. 
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Hie specimen under consideration is rather strongly inflated, recalling in this 
respect the one figured by Waagen, PL LXXIV, fig. 7. It is but slightly broader 
than long, provided with a distinct median sinus and with very small barely 
flattened wings. From the latter the sides ascend rather abruptly to the flattenod 
visceral portion of the valve. The hinge line is considerably shorter than the great, 
est breadth of the shell. The apex is attenuated, strongly bent over, but scarcely 
overhanging the hinge line. 

The sculpture exhibits the characteristic quincuncial arrangement of the numer- 
ous, coarse, elongated and club shaped tubercles, which is a peculiar feature of 
this elegant species. The difference in the ornamentation of the visceral portion and 
of the lateral parts of the valve is not so strongly marked in my two specimens as 
in the majority of Waagen's typos from the Salt Range. In the larger of my speci- 
mens, which is, however, only an internal cast with its surface deteriorated by 
weathering, numerous and strong, imbricating striae of growth are developed near 
the lateral and frontal margins. In the smaller specimen this concentric sculpture 
is confined to the frontal portion of the valve. 

The measurements of this latter specimen are as follows :— 



Lwgtiiof tb«T»W« la.. (night tin* S7 mm. 

m 'i >t n stoog Ota catrre 49 ., 

Gnatnt breadth of tbe n\vt So „ 

Hutu**) of tfc» fill. M „ 

Leagtb of tbe binge lis* SO „ 



In my monograph of the fauna of the permian Prod actus shales of the Central 
Himalayas (Vol. I, Ft. 4) a species has been described under the denomination of 
Prod, gangeticut (PL I, fig. 1-3 ; PL II, fig. 8), the ventral valve of which most 
perfectly agrees with that of P. Abicki in shape and sculpture. As the differ- 
ences between the two Bpecies consist in the shape and in the internal characters of 
the dorsal valve, the larger size of P. gangeiicus is a good character, which may 
serve for a distinction, if one lias to deal with ventral valves only. My specimens are 
of the average size of P. Abichi, and I therefore believe to be justified in identifying 
them with the latter species. 

J^^MOlfitf »* fl^i f^/^f* ft I £fl8 c"?^Ff*f f/t%I& d ^ 

Remarks, — Productv* Abichi is a characteristic fossil of the middle and upper 
divisions of tho Salt Rango Productus limestone. It has been collected by Waagen 
both in the Virgal and Ealabagh beds, but not in the Katta beds of the middle Pro- 
ductus limestone. It is known from the permian rocks of Jul fa in Armenia and 
of the island of Timor, and does not seem to descend into strata of upper carboni- 
ferous age. Tho stratigraphical position of the beds in Kashmir, where the species 
has been collected by Lydokkor, is yet doubtful. A discussion of this subject will 
only be possible after the fossils from Kashmir have boen described in detail. 
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V. Section. Ibbegt/laues, 
A. QtwVT op PRODUCTUS STRIATU8, Fisch. 

9. PKODCCTD8 MOKO01ICU8, nov. 8p. PL IV, fig. 8, 9, 10. 
1881. ProJucf*. cf. Cm (Orb). K.jmt, Obtnarboiiiioh* fnu too Loping, BicbiBofciit Chin». IT. p. 1U. 

pl xxvn, a». 6. 

A shell belonging to tins species has been described by Kayser from the upper 
carboniferous beds of Loping in China, but has been provisionally united with 
Prod, cora, although this author himself was apparently aware of the remarkable 
differences which forbid an identification with d'Orbigny's well known species. In 
his description he correctly mentions the pointed shape of the beak, recalling that of 
P. ttriatui, and the presence of concentric wrinkles crossing the visceral portion of the 
ventral valve, as characters which have never been observed in the true Prod. Cora. 
He, however, believed, that the general features of the relief of his solitary specimen 
could not bo much relied upon, as it seemed to havo boon a good deal altered by pres- 



sure, and he consequently considered l" g material too scanty for establishing a new 



In 1884 Waagon described two very similar forms from tho Productus lime- 
stone of the Salt Range, which had been originally united with P. ttriatut by David- 
son, as Prod, comprettnt and P. myliloidet, and arrived at a satisfactory determi- 
nation of the systematic position of the Chinese shell among tlie Product*. 

Among the materials from the permocarboniferous limestone crag of Chi- 
tichun No. I, there are a few specimens, which, in my opinion, are identical with 
Kayser's P. cf. Cora. As this species must receive a new denomination, I intro- 
duce the name of P. mongolicm. There are fairly complete ventral valves and 
the fragment of a dorsal valve accessible to observation. 

The general shape of the species is nearly triangular, elongated, with an acu- 
minated apex and a rounded front margin. The ventral valve is either strongly 
inflated, as in the specimen fig. 8, or somewhat flattened, as in the specimen fig. 9. 
The curve is more regular in the transverse than in the longitudinal direction. In the 
latter it is less strongly vaulted, especially bo in the vicinity of the apical region. 

In the specimens figs. 9 and 10, the trail is marked off from tho remainder of 
tho shell by a blunt geniculation. The wings are small, but distinctly developed, 
though rarely preserved. They arc bent down almost vertically, leaving barely 
any room for the development of a straight hinge line, which, properly speaking, 
does neither exist in this species, nor in the very nearly allied P. comprettus, Waagon 
(Pal. Indica, ser. xiii, I, p. 10, PL LXXXL fig. 1, 2). The apical region is strongly 
compressed and terminates in a distinctly incurved, slightly prominent and pointed 
beak. A mesial sinus is entirely absent. The median portion of the valve is always 
strongly convex. 

Tho sculpture is very characteristic. It consists of delicate, radiating strise, 
which are crossed by broad, prominent, concentric wrinkles. 



species. 
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The longitudina striae increase in number considerably by the interpolation of 
other strise which spread out in a very regular manner, always meeting the lateral 
and front margins at right angles. By means of a magnifying glass a system 
of extremely delicate transverse striae may be noticed, which cross the radiating 
sculpture, and are clustered together very closely, exactly as has been represented 
by Kayser in fig. 5b on PI. XXVII of his memoir. The concentric wrinkles are 
by far the most conspicuous feature in the ornamentation of this valve. They are 
tolerably regular, obtusely rounded on their tops, and imbricating towar.ls the apical 
region. They are not restricted to the median portion of the valve, as in P. com- 
jtresgut, but extend across the wings. A few scattered spines ore confined to the 
wings and to the lateral parte in their vicinity. 

The shell is extremely thin and fragile. 

The dorsal valve is distinctly ooncave, following the curve of the opposite one 
and leaving but very little room between them. As far as I ojn judge from the 
fragment at my disposal, its ornamentation is similar to that of the ventral valve. 

The measurements of the smallest of the specimens, which is, however, fairly 
complete, arc the following :— 



Uagth of tlx eheU In t itr»l*ht I In. 2) mm. 

. „ „ along the caive i7 , 

Btiwlth of the eheU IS „ 

Tbickon* of the rrotrd nlr* IS „ 

d of tbo two TftJvee from o»*b other • . 8 „ 



Of the internal characters of the species nothing is known to me. 
Number of tpecimena examined. — 3. 

Bemarkt. — The identity of the Tibetan species with Kayser's specimen from 
Loping may best be proved by a comparison of the drawings. They agree in every 
respect, even in tho minor details of their sculpture. 

In its general appearance this species approaches very nearly Prod, eompretitts 
Waagon from the middle and upper Productus limestone of the 8alt Range. The 
points of difference between tho two forms are of a comparatively small importance. 
The absence of any transverse sculpture on the wings and the smaller size of the 
concentric wrinkles in P. comprenu* arc the most conspicuous ones. As a remark, 
able feature in P. eetnpre*sut, tlie following is mentioned by Waagen. The ventral 
valve is always so strongly compressed in tho apical region, that in a view from 
above tho lateral margins are concealed below the overhanging lateral parts of the 
valve. This character has not been noticed in any of my specimens. 

From Prod, mytihidet, Waagen (Pal. Indica, scr. xiii, I, p. 711, PI. LXXX, fig. 
4) which is very closely allied to /'. oompt etsut, our species differs by its larger wings 
and more prominent sculpture. From P. Btriattu, Fisher, 1 a common mountain lime, 
stone fossil in England and Belgium, it is distinguished by the same characters, 
which led Waagon to the introduction of his two new species from the Salt Range. 



• L.i* XminehHtmognvhWiHtm* Product™, l Ck**n, PL I, tg. h p. SO. 
of tbi Brit-i tVbooifcrm. Bncfaiopod*. p. 138, PL XXXI V. ftp. 1* 



30 



HIMALAYAN FOSSILS. 



Subgenus: MARGINIFERA, Waagcn. 

1884. Hargi»if t ra, Vupt, F.l. M r. liii. Salt Rug* R-.iL, I. Product™ Linmton* fM.il>., 

In his monograph of the Productus limestone Brachiopoda Wansjen introduced 
the name Margiu{fera as a generic designation for such species of Prodnet>d<e, aw 
are distinguished from the true Prodwti by a strange chambering of the visceral 
part of their shells, produced by prominent shelly ridges, plaood vertically on the 
internal surface of the dorsal and within the wings of the ventral valve. 

He admitted the occasional presence of similar internal ridges in Bomo speci- 
mens of Produotut longiapinus, Sow., and of P. proboscideua, Vera., hut insisted on 
the development of these ridges never being anything like that occurring in the 
shells of the Salt Range. The strong development of the ridges, by which in tlie 
latter species the visceral part of tho shell is girt, Boems to him «' perfectly sufficient 
for the generic distinction of these forms. Certainly it is as well worthy of notice 
as the existence of an area in Aulottegei or the like." 

Representatives of this new genus were recognised by him outside the Salt 
Range only in the permian beds of Julfa (ilargintfara »pinotoco»tata, Abich, and 
M. helica Ab.), and in the North American ooalmcasuros of Illinois, Missouri and 
Indiana (M. tptendent, Norw. and Pratt). 

Tschernyschew (Mem. Com. Odol. Russ., St. F6tersbourg, 1889, III, No. 4, 
p. 373 — 375) accepted Waagon's now genus and provod it to be rather largely 
represented in the upper carboniferous deposits of tho UraL Nikitin (Mem. Com. 
Geol. Rusa., St. Petersbourg, 1890, V, No. 5) however entirely differs from Waagon 
and Tschernyschew in tho interpretation of tlic Rpocies, which the latter authors 
united in tho genus Margiaifera. In his opinion tho development of circular 
ridges near tho line of contact of the two valves is a character of only very small 
importance. This character has been mentioned, moreover, in different species of 
true Producti, as in P. temireticvlata*, Mart., or in P. longispiaui, Sow., and might 
probably have been found in many other species of Product*! if any attention 
had been paid to it by previous authors. It is a very common character in the 
Russian sholls, whioh have boon idontifled with Prod, longitpintu by Trautschold. 
But the most important evidence against a generic value of these ridges is the 
fact that they are no constant character in specimens from the same locality and 
geological horizon, which are porfectly identical in every other respect. Nikitin 
therefore believes that these ridges indicate a difference of ago of tho individuals, 
and not a generic distinction. 

8chellwien, who in his monograph of the Brachiopoda from the Carnian 
Fusulina limestone (Palaxmtographica, XXXIX, 1892) had accepted Waagen's genus 
Marginifera and had introduced a now species, M. purtlla, has lately givon up this 
view on the strength of Nikitin's olwervations. 1 

' E. Sehtllmtm, U«ber tin* »Dg«MicU Kobk-nk.U Fktui* u» .lrt i»(fvpli»fb.»rmbi«:he» ff iUtc. ZeiUcbr. 
dntwh* pel. G<t., XLVI. 1W4. p. 70. 
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Notwithstanding Nikitin's arguments, I prefer to adopt Waagen's view and to 
claim at least a subgeneric rank for the species united by tho latter author in his 
genu* 3larginifera. 

It must be admitted that the peculiarities, which bare been considered by 
Waagcn as of gonoric value in Marginifera, are occasionally developed in true 
Product*, but it is likewise truo that in none of them, with tho possible exception of 
Product** longUpinui, Sow., their development is anything like that in a typical 
Marginifera. The internal ridges in specimens of P. temireticulatu* var. Martini, 
Davidson (Monograph of the British Carboniferous Bracbiopoda, PL XLIII, fig. 8- 
10), to whioh Nikitin alludes, cannot be compared for a moment with those in any 
Indian Marginifera. Nor can I accept, from my own porsonal examination of 
Himalayan Marginifera, Nikitin's supposition that the internal ridges indicate a 
difference of ago between single individuals. Having examined about 20 specimens 
of Marginifera typica from Chitichun No. I, I came to tho conclusion that these 
ridges are a perfectly constant cliaracter in individuals of every size, and that in this 
species at least they are a feature, which marks not a certain stage of growth, but 
a distinction between this species and truo Producti. 

That a Lugo number of tho Russian forms, united with Product** longitpinu* 
by Trautschold are provided with internal ridges, as distinctly developed as in any 
Marginifera from the Bait Range or from the Ural mountains, is no decisive argu- 
ment against the generic or subgeneric rank of Marginifera itself. It simply 
proves that this genus (or rather subgenus, as I should prefer to consider it) is largely 
represented among the carboniferous Produclidas of Central Russia, as indeed 
has been clearly recognised by Tschernyscbew, although this fact was not known 
to Waagen at the time when he was pubhshing his monograph of the Froduc- 
tides of the Salt Range Produotus limestone. 

The only important evidence against a generic or rather subgeneric value of the 
internal ridges in Marginifera is Nikitin's statement " that, having broken many spe- 
cimens of the so called Product** longitpinu* from different Russian localities, he 
found the presence of the ridges to be a very in constant character, even in specimens 
from the same locality and goological horizon, in specimens otherwise perfectly iden- 
tical, in their outlines, generic and specific features." 

The importance of this argument must not, however, bo overrated. It must be 
borne in mind, that within the family of Productida the generic distinctions are 
altogether difficult and the limite of the different genera rather uncertain on account 
of the existence of transitional forms. The characters which are used for a generic 
distinction in this family do not make their appearance suddenly, but are developed 
by degrees. Thus in this family transitional forms are met with rather frequently, 
which barely allow a satisfactory determination of their generic position. Pro- 
ductut, Autottegei, Strophaloaia, Ghonetet, Produotelh, Davietiella, Chonetella, 
Proboscidella, Etheridgina, Aulacorhynchu*, seem to bear scarcely a loss intimate 
relation towards each other, than Marginifera does towards Product** ; so that it is 
not wonderful that transitional forms should bo met with between Product** and 
Marginifera, in whioh the subgeneric characters of the latter have not yet been 
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sufficiently devoloped to mark a constant feature. But 1 do not think that the 
existence of such transitional forms ought to preclude the establishment of a sepa- 
rate subgenus for such species, in which the subgenerio characters of Marginifera 
havo beoomo a constant feature. 

There can be no doubt that in the overwhelming majority of Producti no inter- 
nal ridges are present similar those in a true Marginifera. It will therefore be 
found convenient to separate these forms, which bear in each valve a projecting 
shelly ridge, from Productut, and in this way to restrict the latter genus, which 
already includes a larger number of species than may be conveniently dealt with. 
Nor is tho subgenus Marginifera difficult to recognise, if attention is paid to its 
leading character only, the broken-off sholl margin disclosing at onoe the presence of 
tho prominont internal ridges, especially in tho vicinity of tho wings. 

The distinction between Product u$ and Marginiftro is not based, it is true, 
on such oonspicuous characters as in many gonera of brachiopods, and there always 
will remain forms, whoso systematic position is rather doubtful. But this case is 
certainly not worse than in other classes of MoUutcoidea or Mollutca. Ihoso who 
have had to describe Ammonoidea or Gastropoda will undoubtedly hare felt the 
difficulty in the distinction of gonera or subgenera, but notwithstanding this diffi- 
culty these genera are maintained, and often on the ground of less striking 
differences than those existing between Productut and Marginifera. Among the 
Amntonoidea especially many genera have been recently established, which are «> 
closely related to each other, that they may be considered with nearly equal reason 
as different stages of development only of one and the same group of forms. Thouch 
the limits of tho different gonera may become continually more difficult to trace, 
these distinctions must be made so long as the tendency to a narrower restriction of 
single species and genera prevails among modern palaeontologists. 

In the permocarboniferous limestone crag of Ohitiohun No. I, Marginifera is 
represented by a single spooiee, which is identical with one of tho most common 
forms of this subgenus in tho middlo and upper divisions of the 8alt Range Pro- 
ductus limestone. 

I. Margimfera ttpica, Waagcn. PL IV, fig. 11, 12, 13, PI. V, fig. 1, 2. 

\W1, Produelm longiifintt (Sow.), Daridaoa, Quart. Jonra. 0«oL 8oc, London, XVII, p. 31, PI. I, 

Bit. 10. 

1h63. PrvJuetiu lauji finui (Sow.), DaTidnoo, in L. d« Kosinrk, Mtaoir* tor la* feattlM palc-mta/n. 

rMtutillia daiu l'lodr. p. 37, PI. X, 6g. 19. 
1SS4. Marfini/bra iypiea, Waagan, Pal. Iodic*, an. xili, Salt Rang* Fooila, I, Productut Limaatooe Pouih, 

p. 717, Fl. LXXYI, Bga. «-7 ; PI. LXV1II. fig 1. 
1880. M. typiea, TVbwnjracb**, Allgcnwloa geolugiteke Kartt Ton Rutland, blatt 139, Bawhrribnng <i*» 

CMtral-TJlsIa »nd do W«(abU»ngca, Him. Com. 0&1. Raa... St. Ptfitr.lx.org-, III, Ko. 4, p. 37*, 

PI. VII. fig. SS. 23. 14, S8. 

The Tibotan specimens agree perfectly with Waagon's species both in their 
general shape and sculpture, and in the strongly marked development of the inter- 
nal ridges. 

The ventral valvo is very strongly inflated, almost spirally inrolled in the 
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majority of the specimens. The curvo is, as a rule, rather irregular in the longi- 
tudinal direction, the valve being considerably flattened in the vicinity of the apex. 
The flattened port ion of the valve unites with the remainder of the visceral part 
either in a regular spiral curve or in an obtusely rounded goniculation. 

The apex is prominent, distinctly pointed and overhanging the hinge line, which 
corresponds to the greatest breadth of the shell. 

The wings are rathor large, spirally inrolled, and marked off from the lateral 
parts by a distinct furrow. The lateral parts are bent down towards the latter very 
Bteeply, in larger specimens nearly perpendicularly. If the wings are broken off, as 
is often the oase, the general outlines of the shell appear to be almost square. 

In all tho specimens a median sinus is indicated, hut it is rathor variable in its 
depth and shape. If well developed, it recalls in shape tho typical examples of 
TroductuM graliomt. It always originates in the vicinity of the apex, and, as a rule, 
reaches its maximum strength near the point at which the valve appears most 
highly elevated above the hinge lino. In most of the specimens it becomes more 
shallow in the frontal region, and often disappears completely near the front 

The trail is sometimes marked off from the remainder of the shell by a furrow 
or band, corresponding to the internal ridges along the margins of the opposite valve. 

Tho ridges in the ventral valvo, characteristic of the subgenus Marginifera, are 
accessible to observation when the wings have been broken off. They exhibit tho 
peculiar crenulated appearance, which has been excellently described and figured by 
Waagon. 

Tho sculpture consists of numerous, delicate, radial striae, which originate in 
the apex and are nearly parallel for a considerable distance. Towards the front 
the radial sculpture becomos either quite indistinct, or is replaced by a few broader 
and more elevated ribs, especially so on the lateral portions of the valve. A dis- 
tinct convergence of the radial stria? towards the median line of the sinus is rarely 
noticed. In this respect tho sculpture of the majority of the Tibetan specimens 
resembles most closely that of AVaagon's type from "the ceplialopod beds of Jabi 
(PL LXXV1, flg. 5). In the apical region a concentric sculpture is almost invariably 
indicated, but tho concentric stria are always but faintly marked and never equal 
in strength the radial sculpture. 

Tho number of spines, which are scattered all over tho surface of this valve, is 
very variable. Thoy are however mostly distributed on tho apical region and on the 
lateral parts along the furrow, which separates the wings from the remainder of the 
valve. 

Tho dorsal valve (PI. IV, flg. 12) is very deeply ooncave, leaving a comparatively 
small distance between itself and the opposite valvo. Before reaching the ventral 
valve it suddenly flattens, presenting the appearance of a flat band, which passes 
around the anterior and lateral borders. This band, which is about 1 mm. in width, 
corresponds to the internal shelly ridges. The median fold is but very shallow. The 
shelly layer, which is but partially proscrvod, exhibits an indistinct reticulation in 
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the apical region and traces of a radial sculpture in its anterior portion. Bniall 
rounded grooves are disseminated irregularly on its surface. The wings are not 
accessible to observation. 

The measurements of an average sized ventral valve with fairly preserved wings 
arc as follows :— 

Length of (he ihell In » atruglit line 23 mm. 

„ „ ., „ along the turn 80 ., 

Brim4tb of the aboil, with the «ing» 4fl „ 

. „ „ „ without lb* wing* SO H 

TbioluHM uf the ventral »&lre ........ 17 ., 

Tlie measurements of a complete specimen (PI. IV, fig. 12), in which the two 
valves have been preserved, but without the wings, are as follows 



Length of tbo abell in a vtraigbt Iim 



20 



17 
14 

r 



„ „ „ „ along the oarve . 
Bremith of the ahell without the winji 
Length of the done! Valto . « 
ThickuoM of the rentnl tbIta . , 
Dintanc* of the two t»1fo« in the apical rrg\un 

The shelly substance of both valves is vory thin. 
J} umber of specimens examined. — 23. 

Remark*. — Maraintfera typica is one of the more common species of this sub- 
genus in the Froduotus limestone of the Salt Range. It occurs chiefly in the middle 
and upper divisions of this formation, ranging there from the Katta beds to the 
Cephalopoda (Jabi) beds. It is, however, very rare iu the Katta beds, whilst in the 
lower Productus limestone no characteristic specimens of the species have as yet 
been found. 

Tschernyschew collected a good number of types of Jf. typica in the Artinskian 
horizon of the Ural Mountains and discovered a second very nearly allied species, 
Jf. ttralioa (p. 371, PI. VI, fig. 16-18) in the upper carboniferous Fusulina 
limestone of the Ural. These two species are very similar and agree perfectly in 
their internal characters. The only points of difference between them are the 
presence of spines along the hinge line and the nearly smooth surface of the Russian 
shell in the vicinity of the lateral and frontal margins. 

Some of Nikitin's specimens of Products longi*pinu$ from the upper carboni- 
ferous strata of Central Russia bear a great resemblance to M. typica, especially 
the specimen figured on PI. I, fig. 8, of his memoir. Nevertheless I dare not 
identify them with the present species, on account of the presence of numerous spines, 
both on the wings and along the hinge line, a character which is absent in M. 
typica, according to Waagen's description. 

The differences between tho Indian shell and its nearest allies, 31. pussilla, 
Schollwien (Palrcontegraphica, XXIX, p. 20, PI. IV, fig. 18-21), If. uraliea 
Tschernyschew, If. tplcndeni, Norwood and Pratten (Jour. Ac. Nat Sci. Phila- 
delphia, III, 1855, p. 11, PI. 1, fig. 5), and M. exoacato, Waagen (p. 715, PI. 
LXXVIII, figs. 2, 3) have boon fully discussed by Waagen, Tschernyschew and 
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Schellwion. I therefore need not dwell upon them, but may rofer to tho memoirs 
of these learned authors. 

Notwithstanding tho great resemblance between M. typica and Product u* 
longitf.inut, Waagen believes a distinction of tho two species to bo possible, ovon if 
founded on external characters alone. In ono respect, howovcr, Waagen's statement 
needs a correction, when he denies tho presence of P. longupiwu in the Productus 
lime* tone of tho Salt Range. Specimens identical with Sower by's species and differ- 
ent from tho true M. typica bare boon recognised by Schellwien among the fossils 
of tho Schlagintweit collection from the Punjab. 

With Productnt lottgitpiuut and P. »emireticulalu» a specimen of Margiaifera 
has been identified by Stoliczka, which is most nearly related to M. typica. The 
differences between the two consist chiefly in the strong reticulation and in the 
presonoc of a prominont median fold in tho dorsal valve of the Himalayan form from 
Kashmir and Spiti. Tho casts of the dorsal valve were mistakon by Stoliczka for 
Prod, temireticulattu, whereas he identified tho ventral valves with P. longi- 
tpintti. A detailed description of this species for which I shall introduce the name of 
Margintfera himalayensis, will bo given in a special memoir on the autbracolitio 
rooks of Kashmir and Spiti (Pt. 2 of tho present volume). 

Genus : AULOSTEGE8, Helmerscn. 

To this interesting genua belongs a new spocies from tho pormocarboniferous 
limestone of Chitichun No. I, which, while exhibiting tho generic characters of 
Aulotteget, differs remarkably from any of the liithorto described congeneric forms. 
It consequently ought to be considered as type of a spocial group. 

1. ACLOSTEQES TIBBTICUS, nov. sp. PL V, figs. 3-0. 

This strange little shell is of a broadly triangular outline, with a semicircular 
front margin. Its ventral valve is moderately inflated, but rather variable in its 
convoxity, which is very unequal in different directions. In its longitudinal direc- 
tion it is but slightly curved in the apical region. Then follows a somewhat flattenod 
part, which extends half way or more towards tho front, when a blunt gcnicula- 
tion takes place, tho remainder of the valve bonding suddenly down to the 
front line. This geniculation is much more strongly marked, than in Auiotteges 
tMdlicottiaHua, Waagen (p. Cfi3, PI. LXII, fig. 1-1), and imparts to the present 
species a very peculiar and characteristic shape. Transversely the curve is more 
regular, being interrupted by a median sinus of variable depth and width. This 
median sinus originates in the immediate vicinity of the apex and reaches its 
greatest development near the line of geniculation of the ventral valve, whereas 
it is but faintly marked in the front margin. 

The apex is always moro or less deformed, prominent, and often incurved. It 
is not distinctly pointed. In some of my speoimens it looks exactly, as if it had 
been fixed to a foreign body, whereas in others it does not show any mark of attach, 
mont. 

■ 2 
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The area is either perfectly flat, or a little concave (fig. 6). It is very variable in 
its height and breadth, the specimens (figs. & and 6) representing extreme types in 
this respect. It is not reclining, but either slightly overhanging (fig. 6), or forming one 
even piano with the dorsal valve. On its surface I notioed, in well preserved speci- 
mens, a fow strize of growth, running parallel to the hinge line, but no vertical stria- 
tion. The area is interrupted in the middle by a very narrow deltidial fissure, which 
is of nearly equal width for its whole extent, and is closed by a prominent roof shaped 
psoudodoltidium. 

The hinge line is always shorter than the greatest breadth of the shell, but in 
some specimens (fig. 3) nearly approaohoe the latter in its length. 
No wings are present in this species. 

The sculpture is very peculiar and differs from that of the majority of con* 
generic species in the absence of a dense cover of small spines. Tho ornamentation 
consists of very numerous concentric strife or wrinkles of unequal strength in the 
apical region and of muoh more prominent radial plications in the genioulated 
marginal portion of the valve. The line of gcniculation, forms a very sharp bound- 
ary between these two types of sculpture. The concentric ornamentation is often 
interrupted by elevated roundish tubercles, which must have supported thick spines. 
If the shell substance is removed (fig. 6), a delicate, radial plicatiou becomes visible 
on the cast, imparting to the apical region of the valve a semireticulate appearance. 

1 he dorsal valvo is either perfectly flat or slightly concave, providod with a 
linear area, and a pointed, flat apex. It is covered with very numerous, deli- 
cate strize, corresponding to the tubercles in the opposite valve, which are but 
rarely interrupted by grooves. In the immediate vicinity of the lateral and front 
margins a radial plication is combined with this concentric sculpture. 

Of the internal characters of this species nothing is known to mo. 

The measurements of two specimens (figs. 3 and 4.) areas follows : — 

Entirt length of tht ilwll 

., » . .."ton 
L«l.(tth of tfic <W»1 nirt 
Eutir. bc«4lhofth. >h.U 
Long.bof U>« tip«*lin. 



i.tlb.1 
Apictl »ngU of Ui* TMitial t.]t» 





I (fig. 3). 


II (6 ff . 4). 




to mm. 


JO mm* 


e 


SH „ 


*5 ,. 


• • 


. 1S-5 ., 


" .. 






29 .. 


■ • * 


. 81 .. 


15 . 


hinctliM . 


• • 0* „ 


06 .. 


• « • 


• • w .. 


7 8 






106* .. 









y umber of specimen i examined. — 5. 

Remark). — The present species cannot be related to any of the fonns belonging 
to the group of Aulottege$ Wangenhe'mi, Vern. Nor does any closer relationship 
soem to exist between A. tibeticu* and A. medlicottianu*, Waagen, from the lower 
Productus limestone of the Salt Range, 

The only shell, which can be compared with our species, is Strophalotia poyon- 
genii* Kayser (Oborcarbonische Fauna von Loping, in Richthofen's ' China,' IV, 
p. 190, PI. XXVIII, fig. 0) from the upper carboniferous limestone of Loping. The 
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above quoted figure, which I consider as typical, strongly recalls A. iibeticvi. 
The geniculate character of the ventral valve and the strange sculpture are espe- 
cially similar in the two shells. Specifically, however, the two forms are certainly 
distinct, even if Stropkalotia poyangensia should turn out to be no true Strophalotia 
but a representative of the genus Aulo»fege». The presence of distinct auricular 
expansions and the irregular character of the radial plications in the Chinese species 
make a distinction easy. Nevertheless they certainly ought to be united in the 
same group, if Slrjphaloiia poyangemit should be found to belong to the gonus 
Aulottege$. 

Family : LYTTOSJIDAi (Waagen) Zittel. 
In his monograph of the Produotus limestone fossils, Waagen (1883) intro- 
duced the subfamily of Lyttoniina for the reception of two very strange genera, 
Oldkamina and Littonia, the nearest allies of which he found among tho family of 
Thecideida. 

Of this subfamily he gavo the following diagnosis : " Shell of large size, flat or 
vaulted, attached by the larger valve ; hinge line straight and short, no area or 
pscudodeltidium ; internally the ventral valve with a median and numerous lateral 
septa ; dorsal valve rudimentary, forming together with the brachial apparatus one 
strongly lobed, shelly plate, which fits between the external septa of the large valve." 

The Lyttoniina; have in common with Thecidea and Pterophloiot, which have 
been united by Waagen in the subfamily of Theoideina, the punctuate Bhell, 
the lobed brachial apparatus, and the attached larger valve. With regard to the 
persistence of these most striking oliaracters Waagon proposed to leave these two 
subfamilies, together with the subfamily of Megathyritue, in the family of Theci- 
deid<e. 

(Ehlert (Fischer, Manuel de Conchyliologie, Brachiopodes, p. 1327) purified the 
family of the Megathyrina, which are considered by him as a proper family, but 
again refers the Lyttoniina to the family of Thecideida. K. von Zittel in his " Ele- 
ments of Falajontology " (p. 236) elevated the Lyttoniida to tho rank of a family. 
His view has been adopted in the present memoir. 

Genus: LYTTONIA, Waagen. 
1. Ltttokia nobilis, Waagen. PI. I, fig. 5, 6, 7. 

1883. Lftttmia uMlii Waa*«, Pal. Indiea, nr. liii, Sail Rang* FwiU, t, Pivductu Linst*ton« Fowl., 
p. 30S, Pt. XXIX, XXX, fiic«. 1, *. 6. S, 8. 10, 11. 

Among tho material from the permocarboniferous limestone of Chitichun No. I, 
there are several fragmonts of a barge Lyttonia, which I beliove to be identical 
with the present species from the Salt Range. No complete specimen has been met 
with, but the specimen figured PL I, fig. 5, is in a sufficiently good state of preserva- 
tion, to exhibit most of the characteristic features, belonging to the shell of 
Lyttonia. 
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This specimen is of a broadly triangular outline, flatly spread out, and firmly 
attached by the underside of its ventral valve for its whole extent. Laterally it is 
strongly bent over, shelly expansions being occasionally noticed a littlo outsido the 
proper margins. In the cardinal regions small fragments of the shelly substance 
have been preserved. The shell is about one half millimetre in thickness. I have 
not been ablo to examine its structure. 

On the inner side of the ventral valTo a median, longitudinal septum is dis. 
tinctly developed, but is considerably surpassed in sho by the latoral septa, which 
form high roof-Bhaped crests. The septa do not roach the lateral margins, but 
are rather suddenly obliterated a short distance from tho latter. Thus a narrow, 
smooth rim is formed around the entiro valve along its lateral margins. Tho septa 
aro quite regularly developed and are placed symmetrically to tho median, longi- 
tudinal septum. Tho last, rudimentary pair has been considered by Waagen sa 
replacing tho cardinal teeth. Exeopting this cardinal pair of septa, twelve lateral 
septa have been noticed in my specimen (fig. 5) on each side of the middle line. 

Of tho dorsal valve a few fragments only havo been preserved. Its shelly sub- 
stance is very thin. Of its internal character the presence of a longitudinal median 
septum is tho only one, whioh I have been able to observe. 

Another specimen, figured PI. I, fig. 0, exhibits the internal characters of the 
cardinal portion of a ventral valve. It is likewiso romarkable for the regularity of 
tho lateral sopla, which arc strongly curved upwards in the vicinity of the margins. 

In ftg. 7, the-fragment of the ventral valvo of a very largo specimen has been 
represented. In this fragment the porous character of tho shelly substance is very 
well exhibited. Tho pores are distinctly arranged in two zones along both sides of 
each lateral septum. These zones, which aro distinguished by their punctuate or 
grooved sculpture, are equally woll visible in Kayser's figure of Lyttonia {Leplodus 
Kayser), Richthofeni (Richthofen's " China " IV, PL XXI, fig. 10) from tho upper 
carboniferous limestone of Lo-Ping. 

Number of specimens examined.— 5. 

Remarks. — In my first report on the geology of tho Chitichun crag (Denksehr. 
Kais. Akatl. Wiss. Wion 1805, mat. nat, CI., LXII, p. 58'J) I considered tho 
present species to lw rather nearly allied to Lyttoiim tenuis Waagen (PI. XXX, 
figs. 3, •*, 7, 9, p. 401). Waagen himself states L. nobilit and L. tenui* to bo very 
similar species, which aro not easy to distinguish, especially in fragments. It was 
only after a oaroful examination of my specimens, that I became convinced of their 
identity with L. nobilit. Their larger size, the massive development of tho lateral 
septa in the ventral valvo, and especially the greater thickness of the shelly sulwtance, 
fragments of which I only detected after long painstaking, forbid an identification 
with L. tenuit. 

Tho genus Lytlonia is a very peculiar southern typo of tho family Lyttoniida. 
It is known from China, from Sicily,' from Kashmir, from tho Salt Range, and 

> a. Ormm^tan, VM. Boo. Bci. Nat ci Eton, Palermo, lsftl. No. I, 16«. Ko. Ill, 188*. No. 1. 
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from Chitichun No. I, but lias not yet been found outside the subtropical portions 
Europe and Asia.' Lyltonia nobilii is common in the Virgal and Kalabogh beds 
of the middle Froductus limestone of the Salt Range, but is absent in any other 
division of tho Productus limestone. 

Suborder : HELICOPEGMATA, Waagen. 

Family : 8PWMR1DJ!, King. 
Subfamily : SUESSIIN^:, Waagen. 

Genus: SPIRIFERINA, d'Orbigny. 

Among the family of Spiriferida, which is one of the most natural families 
of this suborder, being easily rocognisod by very remarkable external and internal 
characters, Waagen has distinguished a number of subfamilies, all of which hare 
their representatives in the permocarboniferous fauna of Chitichun No. I. 

According to him, the first natural subfamily is formed by a group, of which 
the genus Spiriferina is the prototype. It is most nearly allied to Davidson's 
family of Nucleotpirida, being provided with a transverse shelly band connecting 
the primary lamellaj, as in Uncitet, and with a punctuate shell, as in Uetzia. In 
this group, whioh were elevated to the rank of a subfamily, the Sueisiina, by Waagen, 
Spiriferina, Sueuia (whioh is, however, provided with a fibrous shell,) Cyrtim and, 
provisionally, iienttelia were included. The latter genus must, however, be removed 
from the Sue»rii*<s and united with tho Martitiiina or AelicularUna, as has been 
proved by Bittner (Abhandl. K. K. OooL Reiohs-Anstalt, Wion, XIV, 1890, 
p. 25). 

In tho Chitichun fauua only the gonus Spiriferina is represented, by Sp. 
crutata, Schloth., one of the most common and far spread species in carboniferous 
and pcrmian strata. 

1. Spirifekika cbistata Sohlothoim tar. octoplicata, Sowerby. PL VII, 

fig. 5, 6, 7. 

181». Ttrtbratulitt* crMttm, Schlothoiin, Denkashr. K. Akad. Win., Monoboo, VI, p. 88, PL I, fig. St, 

1827. Spirifir oetoflitaiut. SowctVjt, Mio. Coneh., p. ISO, Fl. 60S, tab. 2, 3, 4 

1S37. Spirifir criHatue. L. von Bach, U*b«r Sjoriftr od«- Dgltbjrii, urnl OMkit, p. 39. 

1813- Sp. crittottu, L. do Kueinak, D«««ript»a in anioaox fowilw, qui M troutottt dan* le terrain eat- 

bonifer* d« B»lgis»», p. *40, PL XV, flg. 6. 
l>tSU. Trijoarfnrfo eriHata, King. Monograph of tba pormLaa fow.il* of KnxIanJ, p. 1S7, PI. VIII, fig. 0-1 A 
U61. Spirtftr aHcplicaltu, L. d* Koniiiek, Supplonunt d« la Daaoription iff animAui fWlei, qui a* 

troutarit <lan> la terrain oirboiiifiro do )• B.lgique, p. 85S, Pi. XV. fig. 6. 
1858. Spirifirina crUMa, DaTideon. Monograph Briti.b Permian Braohiopode, p. 17, PI. I, figi. J7-40. 

45, 46. PI. II. Bit.. 43.16. 

1858. Spiriferina erUlata nr. otoplicat*, DariJwn, Monograph Britiab Carboniieroa. Braobiapoda, 
p,3a,Pt. VII, flgt. 37-47. 

• Tbl* it not tho oaa* with Otikamimi, whieb baa a troa wpwoaoUliY* [O.filicit Kejaarl.) in Uw caiboi.if.rooa 
rock, of tba Ural i A. da Kejwrliag, No* *nr la prlaMM do I' Oldbamioa dant la Bua,io. BolL Coat. GJol, 
Bo«, 8k Petorabourg, 1801. p. 267. 
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1881. Spirtftr tn'.Ww, G.ioiU, D JMl II. p. 8«, PL XVI. fig. 8-10. 

1868. Bfirifmna ottorlitata, Dniiton. Qurt. Joun. Qtol. Soe, Lmrion, XVJII, p. t9,Fl I S,m. 1» 
18, 14. (»>» 11). r B " 

1863. Spirtferina oetopliteta, DtTtdwa, in L. do Ko«i«.k, Hioaoiro „r In fo«il«« p»Ufo»lq W .. ^.m,. 
<Uo. 1' IiwU, p. S«, PI. X, fig*. »!, 13, 14 PI. IX. fig. 11). 
Spiriftrina eritlata, Sp. octoplicmta, Dnidjoo, Monograph Briti.b CWbooiforow Dnrkiopadt 

Appondii.p. SG7. PI. LIV. fig.. 10-13. 
Spirifir crittstut. Bojricb. Cebor •>!» Kohl«k»lkl»an» too Timor, AMuuU. K Akad. Wi« 
BerliD, 18C7, p. 79, PI. I, fig. 4. 
187(1. Spipfer erittattt*. Tmutaehold, Di« Kalkbruoh* »oo MwtKnkom, p. 79. I'l. VIII, fig. 5. 
1877. BpxriferUu erittala, Whit*, in Whetlor'i Roport upon too It. g. Geograpfe. Sum,, coot of to* o»* 

buBdndtk Meridian, Vol. IV, Pilaontologj, p. 138, PI X, fig. 8. 
1883. Spiri/erina cntlata. YVaag**,, PaL Indie*, nr. xiii, 8«Jt Rug* Fotaib, I, Prodoetut Lim-H,— 

Fo-ih, p. m. PL XLIX, fig.. 3-7. 
1B84. £j..ryrri>Ki frWo*.. Waloott, Palsootologr «« tie Sunk* DiMrict Mon. C. 8. G*ol. 6 om v VIII 
p. 313, PL XVIII, fig*. 13-13. • ' Y ' 11- 

. SpiriftrimA ocloplitaia. L. d. Koninck, F.utw da caloair. onrboMfera d* I. Belgian*. Ann. Ma. Itoral 
d'hut. n.t. Bdgiqtio, 6 eia. pti*., p. 100, PI. XIII, fig. 32-J9. ' ' 

Spirtferina crutala, TMbomjfokoir, Allgnuin* atologifeh* Kurt* Ton Raulaod, 111. ]8». G. 0 |„. 
giioh* Bowhreibong do Central UriU uad d*. W*eUbh*Dg,, M&n, Cum. iitol Bo*,., « P*tet»- 
bonrg, II I, No. 4, p. 273. 

1890. Spirifmna eriwtata, T*ehcror>cbtw, Tbtmj eieent&i *o TiinaD* en 1869. Bull. Com. 0«*1. Ban 
p. 33. 

1S93. Spiri/erima crittata, BothpMi, Di* Perm- Tri*«- mid Jorafotm*t»a *«f Timor and Rotii P.W, 
togr»pbi«.,XXXIX,p.M r *" FOi '' 



The identification of the Tibetan specimens with the present species can oniv 
be maintained, if the latter is accepted in the extension which has been adopted 
by Davidson and "Waagen. They agree perfootly with Waagon's types from 
tho Productus limestone of tho Salt Range, but deviate slightly from tho permian 
Spirtferitia cristata, especially from Schlothoim's German Zechstcin typos. 

All aro of a oomparativoly large size, and of variable outlines. The greatest 
breadth of the shell is cither situated at tho hinge line, or as in the two specimen*, 
figs. 5 and 6, a littlo towards the front The area is of variable width and shape, 
moro or less strongly reclining, and provided with a moderately largo triangular 
fissure. As a rule, the lateral margins meet tho hinge line in a sharp angle, at 
least in those specimens, in which the greatest breadth of the shell coincides with 
the hinge Una In some specimens, however (PI. VII, fig. 6), tho cardinal angles 
are almost rounded, not prolonged with acute terminations. 

Tho ventral valve is as strongly inflated as the dorsal one, and is very regularly 
curveiin both directions. Tho beak is small, pointed and strongly incurved. In 
tho area of the specimen fig. 5, a distinct horizontal striation has been noticed. 

The number of folds varies from eight to ten. The sinus is deep, more than twice 
as broad than tho depressions between the adjoining folds, and extending from the 
extremity of tho back to the front. In the two specimens, figs. 5 and 6, it is con- 
siderably produced beyond tho frontal level of the lateral portions of the valve 
whereas in other specimens (fig. 7) this is not the ease. It is more or less sharply 
rounded in its bottom, and in ono of the specimens (fig. 6) shows a well marked 
tendency to dovolop a rudimentary median fold. Tho crests of the folds are 
comparatively high and acutely rounded, exactly as in Waagen's figures. 
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The dorsal valve is provided with a linear area only. The number of its folds 
varies from nine to eleven. The median fold is always larger than those situated on 
the lateral portions. In specimens with a strongly protracted Bin us this fold is 
elevated considerably above the general convexity of the valve. It is but slightly 
flattened on the top, especially so in the vicinity of the front margin, but never 
assumes the obscurely triplicated appearance, which has been observed by Davidson 
in some of his British types of 8pir\ferina oetoplicata. 

In the front of the two valves a few more or less strongly marked, imbri- 
cating stria) of growth are dovoloped in the majority of my specimens. 

The coarsely punctuate character of the shelly substance can easily be observed, 
even with the naked eye. 

A concentric ornamentation, as in Spiriferiw itueulpta FhilL, or in Spirife- 
rina kentuckentU Shum., is completely absent. 

The measurements of a specimen (fig. 6) with eleven folds on the dorsal valve 
are, as follows :— 



Entire length of tie ■hall . 90 mm. 

Ltngth of the donal t*1t« IS „ 

Kntiro braadth of the thoU U 

Length of ilw hinge tin* 23 i „ 

Thick™, of both nin, 1S-S ,. 

Apical ugh of the Tentnl nto 108" „ 

r it r ionol „ »pp. 186° » 



Number of tpeeiment examined.— 5. 

Remark*.— Davidson was inclined to consider Spirtferina eritfala, Sohlotheim 
and Sp. oetoplicata, Sow. as specifically identical, declaring, that " the latter form 
cannot claim to be considered more than a variety of Sp. critlata." In this view 
the majority of palaeontologists agree with Mr. Davidson, with the exception, 
however, of L. de Koninck and Sehollwien, who think the differences between the 
two forms sufficient for a specific distinction. 

L. do Koninck lays a special stress on the following characters of difference— the 
permian Spirtferina critlata is always smaller, the number of its folds is less, 
rudimentary ribs along the median fold of the dorsal valve are absent, the cardinal 
angles are rounded. 

Both in the Tibetan and Salt Range types the number of folds is extremely 
variable (from 8 to 14 in tho ventral, from 8 to 19 in the dorsal valve), but is 
never so small as in some specimens from the German Zechstein. The cardinal 
angles are either acute or indistinctly rounded. Secondary ribs, which occur at the 
sides of the median fold in the dorsal valve, have never been observed. In their 
dimensions they certainly exceed the typical form of Schlotheim's species, and 
approach more nearly the British types of Spiriferina oetoplicata. 

A more important difference between Spir\feriua critlata and Sp. oetoplicata 
than those, which were enumerated by L. de Koninck, has boon signalized by 
Schellwien (Die Fauna dee Karnisehoa Fusulinonkalks, Palseontographica, XXXIX, 
1892, p. 50). He draws attention to the peculiar shape of the sinus in specimens 
from the German Zechstein, for which the name of Sp. critlata was first introduced 
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by Schlotheim, and which ought consequently to servo as prototypes of this species. 
In a very large number of specimens, which he was able to examine, he invariably 
found the bottom of the sinus forming an even piano and marked off by sharp 
borders from the adjoining lateral portions. Having myself no sufficient material 
at hand for comparison, I would hardly consider myself warranted in offering any 
decided opinion as to tho spociflc claims of Spirtferina crUtata and Sp. octopticata. 
If their specifio distinction should bo found to be maintainable, the Tibetan specimens 
ought to be referred to Sp. octoplicata, not to Schlotheim's species. 

Spiriferina crtttala, in Davidson's deQnition of the species, is a form of very 
large geographical and geological distribution. It is not only common in the 
carboniferous and permian rocks of Western Europe, but has also been found in the 
Mosoovian stage of Koroptschews in Central Russia, in the upper carboniferous 
and permocarboniferous rocks of the Ural and Timan Mountains, in tho permian 
deposits of Timor, and in the Salt Range, where it reaches through the entire 
thickness of tho Productus limestone sories. All the Asiatic types of this species 
are more nearly allied to Spiriferina octopticata, than to the truo Sp. crutata. 

To the presont species, if taken in tho wide extension of Davidson, Waa- 
gen, Beyrich and Rothpletz, some American shells have been correctly attributed 
by White and Walcott I am not, however, inclined to accept all the synonyms 
in the list of the latter author, and must object to the identification of the sholla in 
question with Spiriferina tpinota, Korw. and Pratt., from the Easkaskia limestone, 
and with Sp, kenluckensit from the coalmen sure* of tho central and western parts 
of the United States. From tho two last mentioned American species the Tibetan 
specimens differ in the absence of spines and of a regular concentric ornamen- 
tation. 

From Hofer Island (Barents Islands, N.W. Novaya Semlya) Spiriferina crtttala 
var. octoplicata has been mentioned by Toula (Einc Kohlonkalk-Fauna von den 
Barents Inseln, Sitzungsb. K. Akad. Wiss. Wion, LXXI, 1875, p. 20), but the 
identification was based on incomplete casts only. 

The sholl from Spitsbergen, which has been described by L. do Koninck 
(Nouvello notice sur les fossiles du Spitzbcrge, Ac. Roy. Bclg., XVI) as Sp. crittafa, 
can scarcely bo united with Schlotheim's species, but deserves at least a varietal 
denomination. 

Subfamily : DELTHYRINJ5, Waagon. 

Genus: SPIRIFER, Sowerby. 

L. von Buch divided the forms, which constitute tho genus Spirifer proper, 
i.e. the radially plicated forms with a fibrous shell— his group of Sp. alatut — into 
two sections, the Ottiolati (typo, Spirifer otfiolattu, Schloth.) with a smooth 
mesial sinus, and the Aperturati (typo, Sp. aperturatut, Schloth ) with a plicated 
mesial sinus. The three species, by which this genus is represented in the permo- 
carboniferous fauna of Chitichun No. I, belong exclusively to tho section of 
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A perturat*. Of these species two occur also m the Produotus limestone of the 
Salt Range and in Europe ; tliese are Spirifer mutakheylemie, Dav., and Sp. 
Wynnei, Waag. The third species, Sp. Ubetattue, nov. sp., is peculiar to the 
Chitichun fauna, but rather nearly related to Sp. rajah, Salter, from the upper 
carboniferous, rocks of Kashmir and Spiti. 

These species may he grouped most conveniently in the following manner :— 

I. Gbodp of Spibimi r*acio«», Kcyterl. 

J. Sp. n*toih«jtcntii, Davidaon. 

II. Osocr or Sr. nmicicom, Plull. 

2. Sp. Wynti, Wiagan. 

III. Group or Spwimk iuia, 8»lur. 

3. Sp. tilttonnt nov. ip. 

Spirifer Wynnei and Sp. tibetanut are among the more common fossils of the 
material from Chitichun No. I, hut Sp. mutakheglentU is a very raro species. 



I. GBorp op SPIRIFER FASCIGER, KeyserL 
1. Spirifer mutahkeylentie, Davidson. PI. VI, fig. 8. 

M6S, Spirifer mmaiktjlmsii, D»nd«m , Quart. Jovra. GfoL 8o«.. lowtoa. XVIII, p. 88, PI. II. fig. 8. 

A complete list of synonyms has been given in my monograph of the permian 
fauna of the Produotus shales (Pt. 4 of this volume). 

Among the material from Chitichun No. I, there is only a single dorsal valve, 
which I refer to this species, one of the most common forms of the genus, both in 
the permian Productus shales of the Central Himalayas and in the upper carboni- 
ferous rooks of Kashmir and Spiti. 

The present valve is transversely fusiform, with a hinge line, which is as long 
as the greatest breadth of the shell. The apex is a little more prominent, than is 
usually the case in specimens of a similar size, overhanging slightly the very 
narrow, almost linear area. The strongly elevated median fold is narrowly rounded 
on its top and is moderately curved in the longitudinal direction. 

The fasoioulation of the ribs istho most prominent feature in the ornamentation 
of this valve. 8ix or seven bundles of narrowly rounded ribs can be distinguished 
on each sido of the median fold. Lamellose strias of growth have not been noticed. 

The measurements of this specimen are, as follows : — 

Lesgih ol ttia doml valvu IB bid. 

BimdUi* „ „ „ 88 „ 

TtiiokoGM . „ , « .. 

ipicalwgU „ „ »bt. 135* „ 

Number of tpeciment examined.— I. 

Remarkt. — Tho affinities of Spirifer nuuakheyletuie to the congeneric species 
of the group of Sp. fa$ciger, Keys., have been fully discussed in my memoir on 
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tho Froductus shales fossils, to which I refer for further explanation. In this 
memoir I have explained the reasons, why, in my opinion, a special stress must bo 
laid on the rounded shape of the folds in Sp. mu*akheylen*it, hut not on the pre* 
sence of the lamellose strise of growth, which are sometimes missdng. Notwith- 
standing their absenoe, I deemed it preferable to identify the present specimen with 
Davidson's species, rather than Sp. faieiger, on account of the character of its lateral 
folds, which are very flat and wavy, hut not acute, as in QrOnewaldt's and Tscher- 
nyschew's type specimens of Koysorling's species. 

The rarity of those shells, so common at other localities of the Himalayas, in 
the Chitichun crag, is a rather astonishing fact. 

II. Gboup op 8PIRIFER DUPLICICOSTA, Phillips. 
2. Spirifer Wynne., Waagcn. PI. VII, figs. 1-4. 

1888. Spirifer Wyn*ei, Wugm, P»)«mU>toffi« Iidiet, Mr. liii, Bali Rug* Fot-Ili, I, Prodoctoi Limr- 

•toD* IW1«, ^ S17. PL XLI V. fig*. 6. 7. 

1889. Sp. Wynnei (f), TKh,ray«hew, M*a. Com. Gcol E«l, St Fftw-bootg. Ill, So. 4. p. 271, PI. V. 

The differences between this species and the nearly allied Rpirtfrr duplicicotta 
Phill. (Davidson, Mon. Brit. Carb. Brach., p. 24, PI. Ill, figs. 7-10, Pi. IV, 
figs. 3, 5-11) from the mountain limestone of Western Europe hare been clearly 
defined by Waagen. They consist chiefly in the very small development of the 
median fold and in the presence of a broader, more strongly reclining area in the 
dorsal valve of the median shell. 

The specimens, from Chitichun No. I, agree entirely with Waagen's types from 
the Salt Range. The peculiar characters, so well displayed in the Punjab examples 
of Sp. Wynne*, can also he obsorvod in tho Tibetan shells. Owing to the larger 
number of specimens available for examination, tho shape has been found more 
variable than was admitted by Waagen. Although tho general outline is trans- 
versely oval in the majority of specimens, the length and width of the shell are 
equal in a small number. The hinge line is always shorter than the greatest 
breadth of the shell. The cardinal angles are distinctly rounded. 

The ventral valve is always deeper than the opposite one. It Is provided with 
a broad, concave, strongly reclining area and with a rounded mesial sinus, which 
is very shallow as a rule, but exceptionally is comparatively deep and narrow, as in 
the specimen fig. 2. 

The radiating ribs are narrowly rounded at their tops, either single, or di- 
chotomous, but never arranged in bundles. Their number is rather variable. 
Strong and erect, concentric lamelhe of growth liavo frequently been noticed. 

In the dorsal valve of this species tho most characteristic feature is the flat- 
ness of the median fold, which, as a rule, is barely marked off from the lateral 
parts. "Waagen's specimen, PI. XLIV, fig. 7, most nearly approaches the typical 
shape of the dorsal valve in the Tibetan specimens. Even in shells like the one 
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figured on PL VII, fig. 2, of this memoir, which are provided with a comparatively 
deep sinus, the mesial fold in the dorsal valve is very flat. Specimens, in 
which the mesial fold projects a little above the frontal wave of the ventral valve, 
as the one figured by Waagen on PL XLIV, fig. 6, are exceptional among tho 
material from Chitichun No. I. The flatness of the median fold in the dorsal valve 
of Sp. Wynnei consequently appears to be a constant feature and may appropriately 
serve for a distinction between this species and 8p. duplieicotta. 

Tho sculpture is exactly tho same as in the larger valve. 

The presence of strong dental plates in the ventral valve has been noticed. 
Otherwise I can say nothing of the internal characters of this species. 

The measurements of my largest specimen (fig. 1) are, as follows :— 



Entire length of Ik. tbtll 40 mm. 

LeaKtbolthedoiMlTolre 38 , 

Entiro bieadth of the ihall 61 „ 

Length of the bin** lino 38 * 

Tbiro.nw.of both nfr* 28 „ 

Apirtl utgh of ventral «hro 108° „ 



*. .t .i dowel t»1t« • HI 0 „ 

Number qf tpecimens examined. — 27. 

Remark*. — In the 8alt Bange, Spirifer Wynnei is a very rare fossil, entirely 
restricted to the Virgal bods of tho middle Productus limestone. A ventral valve, 
collected in the Artinskian deposits of Russia by Professor Tschernyschew, has 
been provisionally assigned to this species. Pcrrin Smith quotes Sp. Wynnei, 
from the argUUtes above the McGloud limestone in California, which he considers 
to be homotaxial with the topmost carboniferous limestones of the Ural Mountain 
and with the lower part of the Artinskian stage. 1 

III. Gkotjp op SPIRIFER RAJAH, 8altor. 

S. Spirifer tiletantu, nov. sp. . PL VI, fig. 1-7. 

This characteristic and beautiful species recalls Spirifer ovali$, Phillips (David- 
son, Mon. Brit Garb. Braoh., p. 69, PL IX, fig. 20-26) or Sp. integricosta 
PhilL (ibidem, p. 65, PL IX, fig .18-19) in its general shape and outlines. It 
is longitudinaUy oval, or, especially in young specimens, nearly semicircular. 
The hinge line is always less than half the width of the shell, with rounded car- 
dinal angles. 

The ventral valve is considerably deeper than the opposite one. Its beak is pro- 
minent and strongly incurved. A mesial sinus of variablo width and depth extends 
from the extremity of the beak to the front margin. It invariably reaches its 
Tim-rimnm near the front, which is not produced beyond the lateral portions in any 
of the specimens. The area is of nearly equal height and width, and so narrow 
that the large triangular fissure occupies more than half of its entire surface. 

1 Ptrrio Smith. Heooioie obugat in tho feuul (tognpby or Ctliforaio i Joaruoi of Ooolefy, Chicago, 
m.l»S fP .37S. 
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The sculpture is both vary elegant and prominent. The mesial sinus, in the 
centre of which there oxiBts a narrow, thread-liko rib, is bordered on each side by a 
large, broadly rounded rib. These two ribs become dichotomous in tho apical 
region and are again subdivided into two smaller ones in the vicinity of the front. 
Tho lateral portions of the valve arc ornamented with six to eight similar ribs on 
each side of those central ribs, whioh aro, howovcr, always the largest as well as the 
most prominent. Beyond the apical region all the lateral ribs are subdivided into 
two or three smaller ones of irregular strength and width. In the vicinity of the 
cardinal odgos the lateral sculpture becomes gradually moro indistinct. 

The dorsal valve is less strongly convex than tho ventral valve. It is provided 
with a vory small, but distinctly developed area. The mesial fold is but slightly 
elevated above the regular convexity of tho valve, but nevertheless sufficiently well 
defined from tho lateral plications. It is composed of a singlo rib at its origin, and 
continues so to some distance, when it becomes dichotomous. In large specimens 
each of these two main ribs is again subdivided, before reaching the front. 
The intercostal depressions between the median fold and the lateral plications are 
ornamented with a smaller rib, which is either singlo or dichotomous, but always 
thin and far inferior in strength to the other ribs. The lateral folds, whioh occur 
to tho number of seven or eight on each side of tho median fold, are all broadly 
rounded, simple at their origin, and incroaso in height and width as they approach 
the margins of the valve. In young examples they continue as simple ribs to the 
very margin of the shell ; in larger specimens, however, thoy become dichotomous or 
produce smaller ribs on each of their lateral portions. 

In both valves the surface is almost invariably covered with numerous concen- 
tric lines of growth of irregular strength. 

The internal characters of this species are not known to me. 

The measurements, taken from an average sized example (fig. I), are as 
follows :— 

Entire lotgtbof tboibell . S4 mm. 

L»oglb of tbt daraal Tilva . . 88 „ 

Gmtntbiwdthof tfc*«lMl] S3 „ 

Length of tbc hilg* Una . . . . • . 14 „ 

Thjeki««« of brtb n\rm . 81 „ 

Apical ugla at the veotrul nin ........ 80° 

m° 



The species can attain very considerable 
60 mm. in length, have been noticed. 

flumber of ipecimtt* examined. — 32. 

BemarkB^Uhe species, which is beyond doubt most nearly related to the 
present ono, is Spirtfer rajah, Salter (Palaeontology of Niti in tho Northern Hima- 
layas, p. 69) from the upper carboniferous rooks of Kashmir and Spiti. According 
to the excellent description and figures, givon by Davidson (Quart Journ. Geol. Soc, 
London, XXII, 1866, p. 40, PL II,:fig. 3), the sculpture of Sp. rajah is of a very 
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similar type. Tho only important difference consists in the triplicate division of the 
main ribs in Sp. rajah, while they are, as a rule, dichotomous in Sp. Ubetanut. This 
difference is most distinctly marked in tho character of the median fold in the dorsal 
valve. In Salter's species this median fold is composed of a prominent median rib, 
which produces smaller ones on each of its lateral portions, but continues as main rib 
to the front. In Sp. tibetanut tho original median rib is not continued to the front 
hut becomes subdivided in two ribs of equal width and strength. With regard to 
their general shape and outlines the two species stand in a similar relationship, as Sp. 
ocalit, PhilL to Sp. pinguU, Bow. Spivifer tibetanut is easily distinguished from 
Sp. rajah by tho shortness of its hinge line and area, tho last being much more 
triangular and higher in proportion to its width. 

Spirifer Keilhavii, von Buch (Ueber Spirifer Keilhavii, fiber deasen Fundort 
und Verhaltniss zu ahnlichen Pormcn, Ahhandl. K. Akad. Wiss. Berlin, 1876, 
p. 05), which is nearly allied to Sp. rajah, differs from tho present species in the 
same characters, by which it is distinguished from the former, and by the absence 
of a modian rib in the sinus of the ventral valve. 

Another species, which must bo compared with Spirifer tibetanut, is Sp. 
parry anus, Toula (Permocarbon Fossilien von der Westkuste von Spitsbergen, 
Keues Jahrbuch, 1875, p. 250, PL VII, fig. 8) from Spitsbergen (Hinlopen 
Straits). Both from Toula's figures and description and from a personal examina- 
tion of his type specimens, I have been convinced of the close relationship existing 
between theso two species. Sp. parryanut approaches more nearly the Sp. rajah 
by its comparatively longer binge line and area, but agrees with the present 
species in the dichotomous character of the median fold of the dorsal valve. The 
ornamentation is of the same pattern, as in Sp. tibetanut and in Sp. rajah, being 
composed of broadly rounded ribs, which become subdivided in the vicinity of the 
front The development of a well defined median rib in the sinus of the ventral 
valve is also an important character, which is common to these three species. 

Among the representatives of this group of the genus Spirifer, characterised 
by large, broadly rounded, subdivided radial ribs, Spirifer Wilcteki, Toula, Sp. 
ta$manienrit, Morris, and Sp. Merplicatut, Bothpletz, may be mentioned. Their 
relationship to our species is, however, only a rather distant one, and will be more 
fully discussed in the description of Sp. rajah in the second part of the present 
volume 

This group seems to be entirely absent from the Productus limestone of the 
Salt Bange. 

Subfamily: VARTimiNX, Waagen. 

Genus : MABT1NIA, M'Ooy. 

The name Hartinia has been proposed by M'Coy as a generic denomination 
for such forms, as belong to the relationship of Anomitet glaber, Martin. Davidson 
and L. de Koninck, however, rejected it and classed these forms in the genus 
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Spirifer, proving M 1 Coy's diagnosis of his new genus to be insufficient and in part 
even erroneous. Generic rank was restored to Martinia by Waagen, who wa» 
the first to draw'atte&tion to some characters of its typical species, deserving of a 
distinct generic designation. 8uch characters are the existence of a punctured sur- 
face of the epidermis, and the absence of septa in the ventral valve. 

Martinia, if Waagen's definition of this genus is adopted, is rather richly rcpro' 
tented m the permocarboniferous fauna of Chitiohun No. 1, both in number of 
spocies and individuals. But most of the specimens are too incomplete to allow a 
satisfactory determination. Nevertheless six species at least can be distinguished. 

The typical Martinia glabra Mart, which in Europe is the most common and 
widely spread type of this genus in carboniferous and permocarboniierous deposits, 
is barely represented. I can only attribute a single specimen to M. glabra, and 
even this does not approach the typical shape of that form, but is distinguished 
by the absence of a distinct sinus in the ventral valve. 

All the rest of the specimens differ from M. glabra by a considerably shorter 
hinge line, terminating occasionally on both sides in little wing-shaped prominence*, 
and by a smaller area. 

Among the species, which I am able to distinguish, Martinia nueula, Rothplotz, 
M. iemtplana, Waagen, and M. con tract a, Week and Worthen, are identical with 
previously described spocies. The two remaining species are new ones and will 
receive the names of M. aeutomarginali$ and M. elrgam. 1 lie first is nearly 
allied to M. earinthiaca, Schellwicn, from the Carnian Fusulina limestone of 
upper carboniferous age. The second one seems to bear a close relationship both 
to M. nucula, Bothpl. and to M. TFarthi, Waagen. 

Waagen arranged the Salt Range species of the genus Martinia in three different 
groups. I did not think it advisable to follow his example, as these groups are based 
on external characters only. As has been proved by Tschernyscliew's remarks regard- 
ing the internal characters of Martinia te mi plana (?) and M. cor cu tun* (Mem. 
Com. Geol. Russ., St. Petersbourg, 1869, III, p. SG9), very different types may 
easily be united in one single group, if their internal structure is not accessible to- 
observation. 

The rich development of the genus Martinia in the fauna of the Chitichun 
limestone contrasts sharply with its rarity in the fauna of the 8alt Range l'roductus 
limestone. In the latter the few species, which have been described by Waagen, 
" occur in rather sporadic and isolated specimens, thus clearly indicating, that they 
are either stragglers from a territory, where the genus is far more plentifully dove- 
loped, or that they are the last representatives of a group of forms, which is on the 
verge of becoming extinct, and which had been more copiously developed in a for. 
mor period." The number of specimens examined, as quoted in the diagnosis of 
each species described in this memoir, does not give an adequate idea of the actual 
number of representatives of this genus in the Tibetan collection. But among 7$ 
specimens of Martinia, 19 only were found to be sufficiently well preserved to 
allow a specific determination. 
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1. Martima cp. glabra, Martin. PI. IX, fig. 4. 



1809. Co*cl, s liol.tktM Auomite$ jlabtr, Martin. Patrlfieala, DerbTenan, pi 11. 



For farther iro.ieijrae «e Wnagen, P.I. In dioa, aer. lid. Salt Rang* Fo.tiU, I. PrtKlu«t»» Limeatoae Fosaili, 
p. S31, and «nj memoir on tbe faona of tbe Himalayan Products* eh*!n (Pt. IV of the present Tolune). 

The only specimen available for description resembles in its circular outline, and 
in the absence of a well defined sinus, the example from Yorkshire figured by 
Davidson on PI. XII, fig. 10, of his monograph of the British carboniferous 
hrachiopodo, and only referred to JU. glabra with considerable hesitation, The 
presont specimen, however, differs considerably from the Biitish fossil ia the 
remarkably small disproportion in tho depth of the two valves. 

The ventral valve is moderatoly vaulted and of almost equal length and breadth. 
The beak is but slightly prominent beyond the hinge line, incurved, and of moderate 
dimensions. The hinge lino is considerably longor, than in all the rest of oongenerio 
species, occurring in the permocarboniferous limestone of Chitichun No. I. It is 
more than one half the entire breadth of the shell. The area is comparatively largo, 
elongated, and marked off from the remainder of the shell by sharply denned lateral 
margins. A sinus is but very indistinotly indicated in the vicinity of the frontal 
region. Nevertheless the frontal line is strongly produced, forming a tongue-shaped 
wave, which causes the front margin of the dorsal valve to be elevated above its 
genoral convexity. 

Tho dorsal valve is but partly preserved. It is very regularly curved in both 
directions, but slightly flattened in the proximity of the hinge lino, where the latter 
unites with the lateral margins. A median fold seems to have been present in the 
frontal region only. 

The ornamentation of tho shell is of the same pattern as in tho majority of 
specimens of the common M. glabra. 

Tho measurements of thw specimen are, as follows-.— 



Number of »peeimen$ examined.— 1. 

llemarkt.— Waagen (p. 537) considers the shells, 6gured by Davidson on PL XII, 
figs. 9 and 10, of his monograph, and roferrod with hesitation only to 11. glabra, 
as very near allies to the Russian M. coroulum, Kutorga (Verhandl. K. Rugs. 
Mineralog. Ges., St. Pctersbourg, 1872, p. 25, PI. V, fig. 9.) As regards its external 
shape the present specimen may likewiso hold an intermediate position bctwoen 
the true M. glabra and M. coreulum. I do not, howover, think, that it should be 
identified with the latter species, which is characterised by a vory unequal dopth of 
its two valves. 



Entire length of (b* «b*ll 
Length of the doreal valve 
Entire breadth of the (hell 
Length of the hinge Una 




28 mm. 



Thicks «• of both Talvea 
Apical angle of the realm] rat re 
„ » . » darnel » 



50 HIMALAYAN FOB8ILS. 

In their internal characters a remarkable difference between M. glabra and 
31. corculum has beeD noticed by Tschernyschew (Mem. Com. Qdol. Rush., St. P&ers- 
bourg, 1889, III, No. 4, p. 369), who observed the existence of a large median 
septum in the ventral valve of Kutorga's type specimens, whereas in 21. glabra 
both septa and dental plates are absent. 

In my specimen the internal characters are unfortunately not accessible to 
observation. Externally, however, it seems to be much more nearly allied to Mar- 
tin's species than to the Russian form. I consequently doomed it preferable to leave 
it with 21. glabra, without vonturing, however, to identify it with the typical form 
of this latter specioa. 

Although 31. glabra is most abundant in carboniferous rocks, specimens, whioh 
only differ from the typical form by a shorter hinge lino, arc found in pormian 
strata (Productus shales of Kiunglung encamping ground, Painkhanda). No 
geological importance can therefore bo attributed to the prosonce of tho specimen 
under considerat ion in the permocarboniferous limestone of Chitichun No. I. 

2. Martiwia. ncctjla, Rothplct*. PI. VIII, figs. S, C. 

1B9S. 3tarli«ia nuetJa, R.-t>.plrti, Die P»tm- Ttiw und Ju»f»mi»ti<>o «>f Timor t»d Betti, M»oiito- 
S m|.hiei, XXXIX. i>. &K PL IX, ig. 3, 7. 

This species, which is not at all rare in the permocarboniferous limestone of 
Chitichun No. I, is distinguished from the true Marlinia glabra Mart., according 
to Rothplctjs, by tho strongly inflated apical region, by its very short hingo line, 
and by its small, indistinctly dollned area. 

In young specimens tho sinus is only indicated by a median depression in the 
frontal part of the ventral valve. In larger specimens it is, however, more strongly 
developed as a rule. Its continuation towards the apical region is sometimes marked 
by a narrow, longitudinal impression or furrow. Tho front lino ascends in a highly 
elevated tongue-shaped curve. In young spocimons this frontal wave is almost 
acutely rounded, as in the figure given by Kothpletz on PI. IX, flg. 7, of his 
memoir, but in later stages of growth it forms a moro regular curve. 

Roth plctz states that the apices of the two valves touch each other in full grown 
individuals. Nono of my specimens exhibit this character, although in some of 
them tho two apices aro rather approximate. But even ray largest examplo does 
not attain the dimensions of the type specimen from Timor (loo. cit. PI. IX, flg. 8), 
and, moreover, tho shell is but partially preserved in its apical region (cf. PI. VIII, 
fig. 5). When the book is perfectly preserved, as is the case in the smaller specimen, 
fig. 6, it appears to be strongly incurved and pointed. 

In spite of tho strong inflation of the apical region in the ventral 
valve, tho two valves do not differ in depth very conspicuously. This is a good 
character of distinction from 21. lemiplana, Waagon, in which the dorsal valve is 
but slightly vaulted. 

In the shape of tho very small and obscurely defined ansa 31. nucula agrees with 
M. centracta, Meek and Worthen (Paleontology of Illinois, p. 298, PL 23, fig. 5), a» 
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has been remarked by Rothplcti, To the differences of these two species, enumerated 
by that author, the shape of the beak may be added, which is very prominent in the 
Asiatic fossil, but harely projects beyond the hinge line in tho American species. 

The surface of the shell is smooth and covered with very numerous punctn, 
where its epidormiH has been preserved. In the specimen, figurod on PL VIII, fig. 5, 
a number of indistinct, rounded ribs may be observed near tho lateral margins of the 
dorsal valve. 

Rottipletft noticed the presence of two dental plates in the ventral valve of his 
species, a charactor, which is absent in the typical Martinia glabra. I have not 
succocded in making out anything of tho internal structure of my specimens. 

Tho measurements of tlie largest specimen (PI. VIII, fig. 5) are, as follows :— 



Entire Itcgtb of the •hull 35 mm. 

length of the dorme.1 v»l»* . 28 „ 

Entire brtadth of theehell SSB „ 

Length ef the hinge line fi „ 

Tliickneneof both yalrn , . 24 „ 

A pic* I unglo of the tobIi»! Talte . 0O° 

„ „ „ „ d(K«J „ .pp. JlO' 



Number of $pectmetu examined. — 5. 

liana rfc*\— Rothpleti believes his species to be identical with the Artinskian 
form, which lias liccn identified with Waagon's M. temiplana, by Tschernyschcw 
(Mom. Com. Geol. Ruw., St. Pdtorxbourg, 1889, III, No. 4, p. 309, PI. V, figs. 1, 3). 
I am not inclined to follow this view, in which no sufficient strength has been laid 
on tho fact, that the Artinskian species is provided internally with a large median 
septum, whereas two dental plates are present in tho ventral valve of M. nucule. 

From the Indian Martinia temiplana, Waagon (Pal. Indica, sor. xiii, I, p. 586, 
PI. XLILI, fig. 4) tho present species differs considerably by its larger size, by 
the absence of ridges bordering the area, and by the nearly equal dopth of the two 
valves. 

Martinia nucuUt has been collected by Wichmann in the permian rocks of the 
Wand of Timor. 

3. Martinia costbacta, Meek and Worthen. PI. IX, fig. 3. 

lsfi*. Spiriftr glabtr (Mart ) «ar. comtrarlui, M«lt mi Worthen, fiool >gi«l diirreT of (I'iiioi*, Vol. ill, 
I»«l»ruBtol»Ky, p. 88*. PI. S3, fig. 5. 

Tho specimens from the permocarboniferous limostone of Chitichun No. I, 
which ought, in my opinion, to be identified with the present species, agree in overy 
respect with the description and figures as given by Meek and Worthen in the 
memoir quoted above. 

Although in my monograph of the Productus Shales Fossils (Pt. iv of this 
volume) I have quoted Martinia contracta as a more variety of M. glabra, Mart, 
sp., I now perfectly agree with Rothplotz (Pakeontngraphica, XXXIX, p. 80) in 
considering it to ho a true species. It bolongs to the samo group of forms as 
M. semiplam, Waagen, its two valves being of very unequal dej'th. 

a 2 
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It differs from M. glabra " in haying a much smaller and more obscurely defined 
ventral area. Indeed the Bides of the beak of its ventral valve round in so regularly 
to the foramen, that it is often difficult to see where the margin of the area is." 
(Meek and Worthen, loo. cit., p. 299.) 

From M. temiplana the present species is easily distinguished by its larger size, 
by the absence of any ridges, bordering the small, triangular area, and by the pre- 
aence of a shallow sinus in the ventral valve in the proximity of the front. 

The differences between M. contractu and M. nuoula have been enumerated 
by Ilothplotz. They chiefly consist in the strongly inflated apical region of the 
ventral valvo in the lattor speoiee, and in the different shape of the frontal wave 
which is sharply rounded or tongue-shaped in M. nttcula, whereas it forms a 
shallow curve only in M. oontraota. Nor does the small, well incurved beak 
project beyond the hinge line in the prcsont species. 

No median fold or crest is developed in the dorsal valve. 

The figured specimen is of nearly the same siae as the American one, figured by 
Meek and Worthcn. Its measurements are, as follows :— 



,| m gtboflh«. ne U 38 » m . 

Lwgtb D f th. doml t»1t 17 i „ 

Eatir.Wdlhofthtuhcll 225 ,. 

Uoirth of th« hmgt Ire* .pp. 10 .. 

ThickDtw of both nint 14 & ., 

Apiokl ingl* »f lb* ».ntr»t n|n 8i° 

., „ „ „ dorttl „ 110* 

The ornamentation of the nearly smooth shell is of the same pattern, as in 
M. glabra. The puncta are of the epidermis have been observed in a few places 
of the ventral valve. 

Number of tpeciment examined . — 3. 

Bemarkt.—M. eoniracta has been oollected in the Chester group of the lower 
carboniferous series in Illinois. 



4. Mautinia semiplaxa, Waagen. PI. VIII, fig. 7, 

1883. UartUit ttmiptota, Wugon, P«lnwoU>logM laina, «r. riii, Salt lUifra Po»il» I Produftn. 
•on* FoMilB, p- m. PI. XLHI. ig.i. 



JUaHiniaQ) mifJiu i, Txbtmj.otom, (feologwb* IWbwibarg in C«iti»| Pr»li mid d** W*»l*- 
W. M g«, 1!*b. Com. Gf»l. W, 8t. Fftorabourg. 111. No. 4, p. m. PI. V, og. 1, S. 



IMS. JT.rM.M "~<pl*>*, *■»''»»•». 4« ICnwb... Fa.atm«.k^k»,'l! Th., r.l*o«.o. 

gr»pbK^ XXXIX, p. 39, PI. IV, ag. 1S-14. 

This species belongs to a group of forms, which are characterised by the un- 
equal depth of tho two valves, of which the dorsal valvo is considerably flatter. 

The ventral valve is of a circular outline, strongly vaulted, and provided with a 
broad beak, which projects considerably beyond the hinge lino. The small and 
concave area is pierced by a comparatively large triangular fissure and marked off 
from the remainder of the shell by distinct, though very low, ridges. In the speci- 
mens under description a sinus is entirely absent, but replaced by a thread-like mesial 
furrow. The frontal part is but slightly produced and ascends in a very flat curve. 
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The dorsal valve is mnch flatter than the opposite one, and more strongly 
curved in the transverse than in the longitudinal direction, whereas in the ventral 
valvo the curve is almost equally strong in both directions. No median fold corre- 
sponds to tlie longitudinal impression in the ventral valve, but the median part of the 
dorsal valve is sliaped into a sort of an obtusely rounded crest, from which on both 
sides the valvo flatly slopes down in a roof- like marner. 

Martinia temiplana is a rather small species. The measurements of the 
figured specimen arc as follows : — 

Kotir* length of th# »h«ll • . . # , ,.14 am. 

Length of tb* di>rul ? »l*t . 14 „ 

Entire hrrt'llh of the tb«tl 11 „ 

Length of the hing* line ... 5 „ 

ThiokoM of both T»lf e* .--••«•,» 8 

Apiatl ugle of tho txitrel wlvt W 

.. .• •» .. durnl Jig* 

Number of $peeimen» examined. — 2. 

Bemark*.— Martinia temiptana has been quoted by Waagen from the Virgal 
bods of the middle Productus limestone in the Salt Bangc, and by Schellwien 
from the Carnian Fusulina limestone of the Krone, which corresponds in its strati- 
graphioal position to the Gshelian stage of Central Russia and to the upper carboni- 
ferous Fusulina limestone of the Ural Mts. 

TBobernyschcw identified an Artinskian Martinia with Waagen's Salt Range 
species, but gravo doubts have been raised as to the correctness of this identifica- 
tion. Tschernyschew gives the following description of the internal characters in 
his Artinskian form : 

The internal structure of this species " differs considerably from that in a 
typical Martinia, which is distinguished by the absence of any septa or dental 
plates in its ventral valvo. A median septum distinctly shows through the transpar- 
ent shells of the Artinskian specimens, from the apex of the ventral valve for the 
third part of tho length of the latter. A septum of exactly the same shape is 
visible in the ventral valves of M. corculum, as I have been able to state from 
my personal examination of Kutorga's type specimens. In this respect the upper 
carboniferous and Artinskian species recall the triassic genus Mentzelia, Quenstedt, 
from which they differ, however, in the absence of dental plates. I think that 
these forms might rightly serve as prototypes of a distinct genus, although I 
prefer to abstain from giving a name to tho latter, in view of our insufficient 
knowledge of its internal characters." 

Waagen has observed nothing of the internal characters of his type specimen 
from the Salt Range. But Scbolhvion, who examined somo of his Carnian 
examples, did not succeed in finding any trace of a median septum in their ventral 
valves. That the specimens from the Fusulina limestone of Carinthia are identical 
with the Indian M. temiptana, cannot be questioned, as his identification has been 
confirmed by Waagen himself on the ground of his personal examination of 
Sciiellwien's types. It is therefore very doubtful, if the Artinskian shell, described 
by Tsobemyschew, ought to be united with tho presont species. 
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Rothplotz (Palroontographica, XXXIX, p. 81) likewise believes Tscherny- 
schoVs Artinskian species to be different from Mattinia $emiplaua, but identifies 
it, although with some hesitation, with his M. nuoula from Timor. I think this 
should not be done, because in SI. nucula the ventral valve in internally provided 
with two dental plates, but not with a median septum. 

5. Martini*, elkoans, nov. sp. . PI. VIII, figs. 1, 2 ; PI. IX, figs. 1, 2. 

The specimens, for which this new denomination is introduced, recall the 
group of JUartinin Warthi, AVaagon (Pat. Indica, ser. xiii, I, p. 530) by the 
development of little wings on both sides of the vory short hinge line. 

21. elegant is a largo and beautiful species. Its general outline is either 
slightly elongated or as long as it is broad. The valves are not equally inflated, 
the dorsal valve being, as a rule, less deep than tho ventral ono, but the dispropor- 
tion in their depth is not very considerable. It is more conspicuous in the type 
figured on Pi. IX, fig. I, than in all tho rest of ray specimens. 

The ventral valve is strongly vaulted and about equally curved in lioth direc- 
tions. Tho apical region is not so much inflated as in 31. nucula. Tho beak is 
rather small, woll incurved, and scarcely projects beyond tho bingo line. It 
bears on its dorsal sido a very small, concave area of a nearly equilateral aliapc, 
which is almost entirely occupied by the triangular fissure. This area is separated 
from the remainder of the shell by sharp and narrow, often considerably elevated 
ridges. In some of tho specimens these ridges are bordered by a flatly rounded 
furrow along their exterior margins. 

The hinge line is very short, reaching one third, or, exceptionally, two fifths 
of the entire breadth of tho shell only, and terminates on both sides in little wing- 
shaped prominences. 

A mesial sinus is always distinctly indicated, originating either in the apical 
region or reaching up at least half way from tho line. It causes tho frontal part 
of the shell to asoend rather strongly into a frontal wave. The latter is much more 
Btrongly elevated in full grown than in adolesoont individuals. In ihe largest 
specimen (PI. VIII, fig. 1) it is distinctly tongue-shapod and produced into a sort 
of a ridge, which overhangs the general convexity of tho dorsal valve. This charac- 
ter is chiefly observable in a lateral view of the shell (fig. I. <?). 

In the dorsal valve thero is no median fold or crest, corresponding to this sinus. 
It is much more strongly vaulted in the transverse than in the longitudinal 
direction. Longitudinally it is distinctly curved in the apical region only, but 
flattened or even slightly hollowed in tho vicinity of tho front line. Tho apex is 
little prominent and slightly bent over. The narrow concave area is bordered by 
similar ridges, like in the ventral valve. 

In one of tho specimens (PI. VIII, fig. 2) the surface of the shell is suffi- 
ciently well preserved to Bhow the punctation. As in a typical JUnrlinia it con- 
sists of very numerous irregularly clustered granulations and impressions, giving 
to the epidermis of the shell the appearance of shagreen. Besides this very faint 




BRACniOPODA. 



65 



ornamentation, both valves are oovered with numerous thin, concentric lines of 
growth. Traces of a radial sculpture are occasionally indicated in the proximity of 
tho lateral margins. 

Of the internal characters of this species nothing is known to me. 

Tho measurements of the largest specimen arc as follows :— 



Entire length of tli» abi-ll SI mtu. 

Lciigik uf thf don»l xwltt 44 8 ., 

Knltie briwlth o( tl.r «Mt 47 „ 

Li tiptti ot Oie liifljf* lio« ......... 19 

Tbi. knrH of both vilvei Si „ 

A|iie*l tui|(la cf tbr T*ntnl t»1v« 84° 

.• .. <>«»»l m 108° 

Number of tpechnent examined, — 6. 



lit murk* — This species can be easily distinguished from all the congeneric 
forms whieh have been hitherto described. 

From Murtinia nucule, Rothplctz, which it resembles in external shape, 
especially in the development of the sinus and of tlie tongue-shaped frontal wave, 
it differs in its less strongly inflated apical region, its sharply limited area, and 
the development of little wingR on both sides of the hinge lino. Nor are the beaks 
of the two valves ever so conspicuously approximate. 

From M. temiplaua, Waagon, it is distinguished by its much larger size, by 
the lesser disproportion in tho depth of the two valves, by tho presonoe of a well 
developed median sinus, nnd by its hinge line terminating in little wings. 

The differences lietwcen our species and all the 8alt Range forms belonging to 
the group of M. Warthi, "VVaag., are so conspicuous that I need not dwell upon 
them. 

6. MAKTTiUA ACT7T0MARGINAL18, nOV. sp. . PI. VIII, figS. 3, 1. 

This is a small species, with a slightly elongate and pentagonal outline. 

The ventral valve is strongly but very regularly vaulted. The apical region is 
barely less inflated than in Jiartinia tiucula, llothpletz. The beak is thick, little 
prominent beyond the hinge line, and well incurved. The area is small, indistinctly 
dofinod, and occupied almost entirely by the equilateral triangular fissure. The 
hinge line is very short, with rounded terminations, and without any wing-shaped 
prominences. The sinus is very broad, perfectly flat, and entirely rest rioted to tlie 
strongly produced frontal part. It is limited on both sides by a short, rounded fold, 
which is followed again by a rounded depression or furrow. This sort of sculpture 
gives to the lateral margins of tho valve a zigzag slnpe. In the frontal region tho 
middle part of tho shell, corresponding to the sinus, is much produced, and causes 
the frontal wave to ascend very strongly. 

The dorsal valvo is also strongly vaulted, especially so in the apical region, 
whereas it gradually flattens in the longitudinal direction, when approaching 
tho front line. The beak is slightly bent over, and overhangs an extremely 
narrow, indistinct area. The apices of tho two valves are rather approximate. 



50 



HIMALAYAN FOS8IL8. 



In the frontal portion a broad, indistinct median fold corresponds to the 
sinus in tho opposite valve. It is limited on both sides by rounded depressions 
which are followed again by very low and short folds. This sort of sculpture Ls 
entirely restricted to the proximity of tho lateral and front margins, which are 
slightly elevated and shaped into sharp edges. 

The ornamentation consists of vory thin and numerous concentric striae of 
growth. In the depressions on both sides of the median fold of the dorsal valve, thin 
radial striw have been noticed. 

The measurements of the smaller, but more complete, specimen (PL VIII, 
fig. 3) are as follows :— 



Kutir* leogth of tb* tboll 13 „,„, 

Ltnffth of tko dornfcl f«|y» •••*...*• 10 

Entir* brradtii of tli« «UU jj.j 

Leagth of tb* hingo lint . 4.) 

Tliiclcnow of both nlfta 10 

Apia] »fgl« of the rontral ntra ;j« 

• •» ....... , HQ" 



Number qf tpeeimens examined. — 2. 

llemarkt.— This species seems to bo very nearly related to M. carMhiaca 
Schellwien (Palieontographica, XXXIX, 1892, p. 41, PL VTII, fig. 15, 10; from the 
upper carboniferous beds of tho Krono in the Carnian Alps. It is only distin- 
guished from the latter by very subordinate characters,— namely, by its thicker, 
more strongly incurved beak of tho ventral valve, and by the trapezoidal shape of 
the frontal wave. In this respect M. aCuiomnrginaUt is very similar to 31. 
Warthi, Waagen (p. 533, PL XLIII, figs. 2, 8), from which species it differs, how- 
ever, in the absonoo of any ridges or furrows separating the area from the remainder 
of the ventral valve, and in the rounded, wingless terminations of its hinge line. 
In spite of the external similarity to M. Warthi, the present species therefon- 
seems to bo more nearly allied to M. carinthiaea. Their relationship is certainly 
a very close one. 



Subfamily: RRTICULARIINjE, Waagen. 

Genus : EETICULARIA, M'Coy. 

This genus, which was introduced by M'Coy for Retieularia reticulata and 
its allies, is represented in tho permocarboniferous fauna of Chitiohun No. I by 
one single spocios only, R. Hneata, one of the most common and far-spread forms in 
the carboniferous and pcrmian rocks of the Old World. 

1. Reticularis lineata, Martin. PL IX, figs. 5, 6, 7, 8. 

1809. CWV"'"'»* AtfmiUt lintatu: U»rtio, Peirific«t» D„rby<.i»ia, PI. XXXVI, tig S. 

1881. Tmbrafla limnto, 8.i«rbj, M,nor.l Oorohnlogv. Vol. IV, ,,. 3S>, PI. CCCXXXIV. 1 J. 

183*. Sfirifm liucat; Phillip., UroVy of York-hire. p. Slfl, PI. X. &g. 17. 

^ *B5xV i T"' T ' ^ ^ < ' l *" ifia,ti0n 4 "" V ' 1 ^"'- M ««- ** C *°»- Fn,*f, IV, p. 1* 
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im. Spiriftr UnttUitt, L. de Koniaek. I^criptiov dea aaimani foeailei, qui as troorent dajult lenaia 

«*ibotlir^re de Btlgiqite, p. 370, PI. XVII, fig. 8. 
18M. BttinlorU liatata, MCoj, Sjnoptia of Ike cbaraeten of the carboaifenwe (anile of Ireland, p. 143. 
IMS. Spirifir limtotm, da Varnaail, Gluing!* d» la Rotate d'Earope, etd., Vol. II, Palfcatolocie. p. 147 

PI. VI, fig. «. 

1867-1862. Spiriftr* lintata, Duridaoa, Monograph of tbe Briliak CarhoaifeTona Brachiopoda, p. 68 PI 

sin. fig>. 4-iol 

1865. Spiriftr limtalmt, Berriob, Ueber tine Kobtenkalklaooa too Timor, Abbandl. K. Akad. Wiw. 
Brills, p. 76, PI. I, fig. IS. 

1*7 i. Spinftr lintatmt, L. de Konmck, Monograph!* dca fotodai aarboniftrea de Bkriberg en Cariothie. p 66. 
PI. II, fig. 11. 

1 1876. Spir\ftr Inrnlat, Tmntacbotd. Die KalkbriMa von Vjatacbkowa, p. 79. PI. VIII. fig. 7. 

1878. Spiriftr lintatnt, Abich, Geologleobe Foieehiingon in den kankaektehMi Landrrn I. Tb. Sine Btrgkalk 

Fauna one der Areiweog* bei Djoolfa, p. 79, PI VI. fig. «, 7. 8 ; PL VII, fig. 10 ; PI. IX. fig. 5. 
1888. BHifUria liatat; Waageo, Pnleontnlogia lodica, aor. liii. Salt Bang. Fowl,, I, ProdneUe Vmt- 

•too* Foealla. p. 640, PI. XLII , fig.. 0-8. 

1888. Spirifir littatmt. KnjBer, ObeKarboaiiche Faaoa tan Loping, Richliafrn'i China, IV, Bd, p. 174, 

PI.XXII.fign.6 7. 

1889. Bttitnloria hntaia, T»h«Toj«b«w, Him. Con. G#ol. Rum.. St. Pfitmbonrg, III, No. 4, p. 368. 

1890. B. liatata, Nikitin, Mem. Com. Qdol. Ru»a., St Fetenboorg, V, No. 6, p. 66. 

1888. B. lintata, ScMlwiet, Die Faora dea KaiciMben Faialiaenkalke. 1 Tb., Ptlawotcgraphixa, XXXIX, 
p. 38. PI. VI, fig. 10—13. 

1892- B- lintat*. BothplrU, Die Pmn.-Triaa- old J orator nut ion aof Timor nud Batii, Pataontngiaphica. 
XXXIX, p. 81 PI. IX. fig. 8. 

1894. B. iituata, Swe, Baitrag* iar 8tratigrapbie Ceotral Aiiaaa, Daokiebr. K. Akad. Wiea. Witn, math. 

oat.a.LXI.p.468. 

1895. ^^^J^j^ ^ ^^""s^i.u.^r^EUa?! l^tbrb^o. V, ptfTT 5*1 'tl 

XVI, fig. 6. 

1896. Martini* livata, Jolien, Le Urraio nrbooifera nurio d* la Fraaoe Central*, p. 98, PI. II, fig. 9— 13, 

PI. VIII, fig. 6 



Among the collections from Chitichun No. I, this species is rather richly 
represented by specimens of very different size, but varying little in their general 
shape and outlines. The majority come very near the typical form from the English 
mountain limestone, especially the type from the Craven district, figured by David- 
son on PI. XIII, fig. 9, of his monograph. 

My specimens are suborbicular or elongately oval, although the difference in 
length and breadth is somewhat small. They are strongly inflated, the two 
valves being, as a rule, almost equally deep. The hinge line is always considerably 
shorter than the greatest breadth of the shell, and providod with rounded cardinal 
angles. 

In all my specimens the ventral valve is distinguished by a high and strongly 
incurved beak. In this respect they recall the variety of B. lineata, from the 
permian rooks of Timor, which lias been figured by Beyrich. In the Tibetan 
specimen*, however, the beak never projects so strongly as in Bey rich's figure (PI. I, 
fig. 13*), but tho apices of the two valves are always rather distant, like in the 
specimen, fig. 10, on PI. XIII, of Davidson's monograph. In well preserved 
examples the beak is distinctly pointed. The aroa is small and only obscurely 
defined by lateral margins. Tho triangular fissure, in which traces of a pseudo- 
deltidium have been occasionally noticed, is of the same shape and size as in 
* tvidson's British examples. 

H 
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In the majority of the specimens the sinus is very shallow and confined 
to the proximity of the front. In young individuals (1*1. IX, fig. 7) it is barely 
indicated at all. The only specimen among the materials from Clutichun No. 1, 
provided with a deeper sinus, is the one figured on PI. IX, fig. 6. In this specimen 
the frontal part of the shell is slightly produced and elevated. 

Tho dorsal valve is very evenly convex and without any median elevation. Tho 
shape of the apical region and of the area agree with the description given of these 
characters in the Salt Itange specimens by Prof. "Waagen. 

The sculpture is exactly -the same as in European specimens from the 
mountain limestone of England or Belgium. Tho specimen, fig. 8, in which the 
shelly layer has been well preserved, exhibits the characteristic ornamentation, 
marked by numerous, very thin, radiating strke, which aro arranged between tho 
more distant concentric lines. The reticulation is ncvor so distinct as in the Indian 
specimens, which have been figured by "Waagcn. 

Tho measurements of two specimons (PI. IX, figs. 5 and 8) are as follows : — 
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I have not boon ablo to ascertain the internal characters in any of the Tibetan 
specimens. 

Aumber ofipecimens examined.— 7. 

Remark*. — Reticularia Uneata is a vory common and widespread species 
ranging from the lowest carboniferous into permian strata. In Great Britain it 
ranges from tho lower limostono shales into the millstone grit, whilst in Belgium 
it is most abundant in the Calcairo do Vise\ It is known from tho mountain limo- 
stone of Alsatia, Central France and Silesia. M Oiler, do Vcrneuil, Grtlnewaldt, 
Trautschold and Nikitin quote it from tho carboniferous deposits of Russia. 
Tschornyscbew discovered it in the Artinskian marls of pormocarboniferous ago, 
Schollwien in tho upper carboniferous Fusulina limestone of Carinthia. In tho 
eastern region it has been mentioned from the permian strata of Julfa by Abich ; 
from tho upper carboniferous rocks of Loping by Kayscr, and of Tongitar in tho 
KoktanRango by E. Suoss, who discovered it in tho . collections made by Dr. 
Stoliczka ; from tho lower Productus limestone of tho Salt Range by Waagen 
from tho permian rocks of Timor by Bcyrich and Rothplctz. 

A somewhat doubtful fragment (ventral valve) from Barents Island (Novaya 
Semlya) l>as been described as Spirtfer lineatui, Mart, var., by Toula (Sitzgsber. K. 
Akad. Wiss. Wicn, LXXI, I. Abth., 1875, p. 19, PI. II, fig. 3). L. de Koninck 
(Keoberchcs sur les fossiles paleozoqucs de la Nouvelle-galles du Sud, Bruxelles, 
1876-77, 3 ptie, p. 224, PI. XI, fig. 9) figures a ventral valve from the carboni- 
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f erous strata of New South Wales, which he identifies with Spirifer lineatui, Mart., 
but it is impossible to decide from tho figure whether the Australian form is 
identical with the European and Indian types of Reticularia liaeata. 

According to Waagen the presence of the true ft. lintata in America is very 
doubtful. The smaller species, which lias been called It. perptera by McChesney 
(Descr. Now Palawzoic Fossils 1800, p. .13), must at all events be kept separate. 

A species, which I am likewise inclined to consider as specifically distinct 
from the present form, is R. conularig, Griinewaldt (Boitragc zur Kenntniss der 
scdimentaron Gebirgsformationen, etc, Me*m. Acad. Imp. 8ci. St. Petersbourg, 
ser. vii, II, No. 7, 1800, p. 102, PL IV, fig. 2) although Trautschold quotes 
it partially among the synonyms of B. lineata and of Martinia glabra. According 
to Griinewaldt's description, t ie most important featuro in the species from the 
Ural Mountains is tho extraordinary disproportion in the size of its valves, the 
ventral valve being about three times as deep as the dorsal one. Neitbor in this 
character nor in the shape of the strongly elongated beak do any of my specimens 
agree with Grunewaldt's type specimen from Artinsk. 



Family : ATUYMLA!, Phillips. 
8ub-family: ATnYMN.E, Waagen. 
Gonus : ATHTRIS, M'Coy. (SPIRIGERA, d'Orbigny.) 
1. Athtris Roysjsii, LdveiUe. PI. X, figs. 1, 2, 3, 6. 

1SJS. Spiriftr i* Boytii, Un\\\*, li(m. Soc GfSol. France, II, p. 39. PI. IX. 6g.|13-J0. 

TtrtbratmU B-yrii, &* Koninck, f).la;ri|>ti(Ki d»« •oimaiii fo«iil« qui •« truaTeot dan* Jo terrain car- 
bouiteni da IM^uo, p. 300, PI. XXI, fig. 1. 
1859. Athyrit Reyuii, OaWdMD, MoriOi;raut> British Carbon. Bruhiopoda, p. 67, PI. XVIII, fijr. 1—11. 
1SB2. A. BvyuU, U.Tidaoo. Quart. J»uro. O.ol. &x.. London, It VIII. p. 27, PL I, fig. 6. 
1S03. A Boytai, DarW.on « L. it Kwinok, Him. nt In fowita PaJtWiqwn, rocatilUi dan. IUnd«. p. SS, 
H. IS, fig. 0. 

1*15. 8/iri$tr* Boyttii, Brjrwh tx part*, t> W tine KoMmkatkfatiM too Timor, AbhasdL K. A kid 

d. WisMMh., Berlin, 1804, p 74, PI. I, 3. (mm 2). 
1S83. Alhyrit Boyttii, Waasco. PiLcantologit Indict, «er. liii, Salt Bang* Peatik, I, Praduotu Limt- 

•toiw Fowih, p. 4*6, PI. XL. ig. 6-12, PI. XXXIX, fig. 10. 
18U7. A. Boyttii, Diener, llmialayaii Kowiln, PaUxintnlagu Injxa, «»r. sv, I, Pt. 4, PI, V, figi. S, 7. 

In my memoir on the fauna of the Himalayan Productus shales I have fully 
explained my intention in giving this specific name to the Himalayan specimens. 
Waagon has distinguished among his group of Alhyrit Itoyttii quite a number 
of forms, to which ho applied specific denominations. Although I agree with 
Rothpletz (Palmontographica, XXXIX, 1892, p. 81) in considering these distinctions, 
on rather insignificant characters, of no great importance, I do not object to 
accepting Waagon's species, as I can easily distinguish them among tbe Tibetan 
material. 

Tho overwhelming majority of spocimons, which have boon collected in the 
permooarboniferous limestone of Cbitichun No. I, belong to Waagon's Alhyrit 
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Rot/ttH typiea. They agree very well both with Waagen's types from the Salt 
Range and with the permian specimens from the Froduotus shales of Johar and 
Painkhanda. The three figures given in this memoir show the amount of variability 
among the Tibetan types. Their general outline is either circular or slightly 
subpentagonal (Fl. X, fig. 1). As a rule the transverse diameter is a little larger 
than the longitudinal one. The valves are comparatively flat. Specimens which 
are more strongly vaulted than that figured on PI. X, fig. 3, are rare. 

Neither the sinus in the ventral and the corresponding median fold in the dorsal 
valve are ever very conspicuous, and in somo of the specimens (PI. X, fig. 2) even 
entirely absent. But even in such specimens a fiat frontal wave is indicated. 
The foramen of the beak is rather variable in size, but, as a rule, larger than in 
Beyrich's specimen from the Island of Timor. 

The ornamentation of the shell is of exactly the same pattern, as has been 
noticed by Waagen in his Indian specimens. 

In the example figured on PI. X, fig. 6, the internal characters are partly 
accessible to observation, a portion of tho spinal appendages having been laid bare. 

My specimens do not attain as large dimensions as those which have been 
figured by Davidson from the British mountain limestone. The largest example 
nearly attains the same size as the one figured by Waagen on PI. XL, fig. 8, of 
his memoir, but is considerably flatter. The measurements of two smaller speci- 
mens (PI. X, figs. 2 and 3) aro as follows :— 

I (fig. 2). II (fiff- 3). 

Enlira length of tbe. »b»ll 88 4 mm. 89 mm. 

Length of tha dorwl t»1t» 87 87 6 „ 

Knti» bmdth of th. •h.ll 31 ,. SI ., 

Thi«kn»M of both nlm IS l» 

A T M »d k -U of tb. rrotr*] »»!», Hi" laT 

121 lltf* 



dumber of specimens examined.— 117. 

Remarks. — A. R»y$»ii is by far tho most common shell in the permo- 
carboniferous limestone of Chitichun No. I. In tbo Salt Rimge it is likewise largely 
distributed through the middle and upper divisions of the Productus limestone, 
while it is very rare in the lower Productus limestone. Waagen considers his 
Indian specimens as absolutely identical with the typical forms from the mountain 
limestone of Europe. L. de Koninck (Faune du calcaire carbonifere do la Bolgique, 
Ann. Mus. Roy. d'Hist. Nat. Bruxolles, XIV, 1S87, pt. 6, p. 85) does not share 
in this view, but believes all the sholls from upper carboniferous and pormian strata, 
wliioh have been classed by palaeontologists among the synonyms of A. Royuii, to 
be specifically different from Leveilld's species. 

The Indian A. Royttii is certainly, identical with the types from the permian 
Productus shales, from Timor and from Chitichun No. I. "Whether the specimen 
from the permian rocks of Jul fa, which has been described and figured by Abich 
(Geologischo Forechungen in den kaukasischen Landern, I. Th. Eino Berg- 
kalk fauna aus dor Araxesenge bei Djoulfa, p 62, PI. VII, fig. 8) as Alhyrit 
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Soyuii, belongs to this species, even in the wider definition adopted by Waagon, 
is, to say the least, very doubtful. 

2. Athieis stjbbxpansa, Waagen. PI. X, fig. 4. 

1883. Alipr" fh4tfiu*, Wtagtn, Pilaxnilologui Indira, tar. lill, &*U TUn^e Fat»il«, I, Pr.4uetn« 
LiDMtone Pmrib, p. 478, PI. XXXIX, fig*, l—i- 

The only specimen among tbe material from Cbitichun No. I, which I am able 
to identify with the present species, agrees perfectly well with Waagen's descrip- 
tion and figures. In its transversely oval outlines and in its comparatively flat shape 
it especially recalls Waagen's specimen from Musakheyl (loo. cit PI. XXXIX, 
fig. 4), but in the characters of the sinus it approaches more nearly his example from 
Xaldbagh (fig. 3). The Binus is very shallow and indioatod only in the proxi- 
mity of the front, causing the middle portion of the frontal part to be slightly bent 
up. In this respect my specimen is most nearly related to A. rxpono Phill. 
(Davidson, Hon. Brit. Carb. Brach, p. 82, PI. XVI, figs. 11, 16, 16; XVII, 
fi-s. 1-5). 

I am really at a loss how to distinguish the latter species, from the mountain • 
limestone of Western Europe, from Waagen's A. tubexpanta. The two characters 
which, according to Waagen's diagnosis, ought to serve for their distinction, namely, 
the presence of a well developed sinus in the ventral valve and the fringed expan- 
sions of the Indian form, do not seem to be constant features. The two specimens 
figured by Waagen on PI. XXXIX, figs. 2 and 3 of his memoir, have only a very 
shallow sinus. On the other hand, Davidson in his description of Athyrti expanta 
states the ventral valve to be occasionally provided with a gentle median depres- 
sion. Nor do the fringed lamelliform expansions in the sculpture of the shell scorn 
to be entirely absent in the European form, so far as we may judge from Sowerby's 
description and figures in his Mineral Conohology (PL DCXVI, fig. 1). It is, 
however, truo, that the median depression is extremely shallow in the specimens 
figured by Davidson. Thus a distinction of the two species may possibly be based 
on this insignificant feature 

Of the ornamentation of tho shell I can say but little. The numerous, imbri- 
cating striae of growth are present, as in most of the congeneric forms, but I have 
not boon able to verify Waagen's observation regarding the shelly fringes, the 
uppermost layer of tbe shell in my specimen having been injured by weathering. 

The measurements are as follows :— 



Entir* length el tbe abtll 26 mm. 

Length of the donftl Tmlve . ........ SS'5 M 

Entir* brc*<Uh of th* «MI 38 „ 

Thieknm «rb»th t«I?m 16 „ 

Apia*! aogl. ef the T«tr»l «]<-. 1S5" 

- .. dor.,.] „ . J34* 



dumber of tperimens examined. — 1. 

Remark*.- Waagen quotes A. *ubexpat>»a from tho middle and upper divisions 
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of tbo Salt Range Productus limestone. It is most abundant in tho Virgal and 
Kalabagh bods, but very rare in tho Katta beds of tho middle Productus limestone. 
Whether it is also present in the upper carboniferous or permocarboniferous depo- 
sits of Russia cannot be determined, as no figures of A. Boyuii have been given 
by Tschernyschew and Nikitin, who quote tho latter fjpecies from Central Russia and 
from the Ural Mountains. 

3. ATHtitis capillata, Waagon. PI. X, fig. 5. 

1SS3. Alkyrit capillata, VfMgra, P*lii?ontologw Indica. wr. xiii. Holt Bang* PomUj. I, ProdocUt* Limtftooc 
Towilj, p »7i>, Kl. XXXIX, fip tt-S; PI. XI, «*«. 1-5 ; PL XLII, fin»- 1 — 8. 

1692. Sptrigm Soyitii nr. eapillata. Itathplotz. Di* Parm- Trlav und Janiatmalioa auf Timor ui.il 
Botti, l'*lc»atoKr>phir», XXXIX. p. 81. PI. X. fig. % 

There is only one fragmentary specimen in the Tibetan collection, which exhi- 
bits tho characteristic ornamentation of this species, and may consequently be kept 
soparate from TVaagen's Athyri* Boyuii typica. Tho sboll is of a nearly circular 
outline. Its valves are more strongly inflated than in the majority of the speci- 
mens of A. Boyuii. The mesial depression in the ventral valve is shallow, but 
distinctly indicated. The very largo number of lamellar strue of growth, which 
are covered with thickly set hair-like fringes, is a good character of this species. 

Tho measurements of my specimen are as follows : — 

Eotir* length of the thill li t mm. 

Lratlh o( tbi iloml r»l»« i'4 . 

Entire brudtb of th« •keU S3 „ 

Tbielt mm of the two t*Iym . . • . . . 16 „ 

y umber of tpecinient examined. — 1. 

Remark*. — Athyri* capillata has been quoted by TVaagen from the middle and 
upper divisions of the Salt Range Productus limestone, whore it is very common. 
It lias not been collected either in tho lower Productus limestone, or in the 
Katta bods of tho middle Productus limestone. Rothpletz discovered the species in 
the collections, which have been made by Wichmann in the permian rocks of the 
island of Timor. 

Subgenus: SPIRIGEKELLA, Waagcn. 

The genus Spirigerella was introduced by Waagen (Pal. Indica, scr. xiii, 
I, p. 150) for such species of Athyrimv, as differ externally from Athyri*, M'Coy 
(Spirigera, Orb.) in the shapo of their apical region, tho boak being bent ovor 
m strongly and oppressed to the apex of the dorsal valve, that tho small foramen of 
the beuk is entirely concealed. Internally the shape of the cardinal process and the 
mode of attachment of tho primary bmellie mark a character of distinction of 
Athyri*. Rothpletz (Palicontographica, XXXIX, 1£92, p. 82) does not consider 
these characters of generic importance. Oehlcrt (in Fischer, Manuel de Con- 
chyliologio, III, p. 12l>9) and Zittel (Grundziige dcr Palaxmtologie, 1S95, p. 240) do, 
however, accept Spirigerella as a subgenus of Athyri*. In tho present memoir I 
have followed the views of these two learned authors. 
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In the permocarboniferous limestone of Cliitichun Xo. I, Spirigerella is re- 
presented by three species. Two among them arc identical with forms, which have 
been previously described from the middle and upper divisions of the Salt Bange Pro 
ductus limestone. 

1. Splbigbrklla Ukkdvi, Waagon. PI. XI, fig. 1. 

1S83, Spiritfrrtlla Derbyi. Wugon, Palicnntolng^a lndica, wr. 8a1t Ranee Fiw^ils I, Ptodactsa Lime- 
Honn F««»il», p. 753, PI. XXXV, 6g». 4-7, tf-13; PI. XXXVII, figa. 11-13 t var. acuteylicata, 

p. ;s.i, pi xxxv, iig>. 10, n, pi. xxxvii, « 8 . 11. 

¥i't fuTtlKT »j nonjnu i>»8> my monograph of th* fo-tiU of tbe Prodtctfl* »b»l#« (Pt. iv of the pre«0Dt folatne). 

There is a solitary specimen among the material from Cliitichun No. I, which, 
according to my opinion, must be identified with tliis species. In its dimensions it 
approaches most nearly the types, figured by Waagcn under the varietal denomina- 
tion acuteplicata (especially PI. XXXV, fig. 10), or the specimens from the permian 
Productus shales (Pt. iv of tho present volume, PI. V, figs. 6, 8). It is of the same 
size, a little longer than broad, and provided with a broad median fold in the dorsal 
valve, to which an equal sinus in the ventral valve corresponds. This sinus originates 
in the frontal portion of the latter valve only, and is only as deep, as in tho typical 
form of the Salt Bange spocics. The beak is entirely appresscd to the apical region 
of the dorsal valve, its foramen being therefore absolutely concealed. A tongue- 
shaped process is formed in the frontal region by the different breadth of tho shelly 
eones in the frontal and lateral portions of the ventral valve, as it has been like- 
wise noticed by Waagon in his types from tho Salt Bange 

Tho surface of tho well preserved shell is entirely smooth. 

The measuromonte of this specimen are as followB : — 

Eolit* longth of tha »k«ll 18 mm. 

Length «-f tbo dotaal »bIt« 13'S „ 

Entire btWth of the iWll 14 „ 

Thicanwa of both lalve* 10 „ 

Aj>k»l angle of tba trolrtl valve N«° 

<1«»»1 11°° 

Number of tpeciment examined. — 1. 

Jlemarkt. — Spirigerella Derbyi is poculiar to permocarboniferous and permian 
strata. It is one of the most common fossils in the Virgal and Kdlabagh beds of the 
middle Productus limestone and in the upper Productus limestone of the Salt 
Range. In the Himalayas it has boon collected by Griosbach in the permian 
Productus shales of Painkhanda. In America it occurs in the coal measures of 
Itaituba (Brazil), which, according to Waagon, ought to bo correlated with the upper 
divisions of tho middle Productus limestone. 

The shapo of the sinus does not allow an identification of the present species with 
Waagen's Sp. Derbyi var. ocuteplicata. 
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2. Spibigebella obandis (Davidson), Waagen. PI. XX, 6g. 3. 

1868. Jlkyrit nitiiUa. Hilt. nr. jraniu, D»Tid»o n , Qwi. Joura. 0«sl. 8.*, Lofxtoe, XVIlt, p. 28 
PL I. fig. 8 ( 7). 

1688. ^iA^fif •t.htitUa nr. yranrfi., D»Tii*on, in L. A* Kooisek, M«m*ir. lur 1m fc-.ilr. p»Koioi<|«. 

r»«»illi« d»n. VloiU, p. 88, PL IX, «g. 8. 
1888. Sj>m 3 tr*lla Wa.g. n , P»t»o n |»le«i» Indie*. »r. xiii. Salt Bug. Fo-fl*. I, Prod*!!.. 

LimwUua PoniU, p. 461, Pi. XXXVI, fig.. 1-7 •. XXXVII, Kg. 1. 

The Tibetan specimens do not vary so much, in shape and dimensions, as the 
representatives of this species in Salt Range Productus limestone, which have been 
figured by Waagen. The reason may, however, be found in the fact, that I had 
to deal with a rather small number and with adult individuals only. 

All arc distinguished by a suborbicular shape, strongly inflated valves, a dis- 
tinctly appresBed beak, the foramen of which is very small and entirely concealed, 
and by the presence of a very shallow sinus. In the latter character they agree with 
the examples from Musakheyl, figured by Waagen on PL XXXVI, figs. 3, -1. Both 
in the longitudinal and in the transverse direction the curve of the two valves is very 
equal. The frontal part is not produced. 

The ventral valve is about as deep as the dorsal one, and providod with a com- 
paratively small strongly incurved beak, which is bordered on both sides by a very 
indistinot false area. The shallow depression, which corresponds to the sinus, is 
confined to the proximity of the front. In the dorsal valve no median fold has been 
observed. Waagen describes the lateral margins of this valve as "hanging down 
laterally over the margins of the ventral valve in full grown specimens, thus envelop- 
ing them more or less." I have noticed this character in several of my specimens, 
though only in a slight degree. 

The ornamentation of the two valves consists of numerous imbricating stria; 
of growth, which occur at irregular distances. In places, where the fibrous shell 
has been injured by weathering, very numerous but extremely thin, radial stria? 
make their appearanco within the zones, whioh are marked off by two lines of 
growth. 

In its general shape this spcoios recalls Athyri* globulinr , Waagen (p. 187, PI. 
XLI, figs. 1-3), but it is considerably larger and the rounded foramen, as it is ex- 
hibited in the Utter form, is not visible in any of my specimens. 

The dimensions of my largest specimen are as follows : — 



Number tpecimem examined.— 4 

Remark*. — In the Salt Range Spingerella grandit is almost entirely restricted 
to the middle division of the Productus limestone. Among 16 specimens examined 
by Waagen, there was only a single one from the upper division. In the middle 
Productus Limestone it is common both in the Virgal and Kalihagh beds, but does 
not descend into the Katta beds. 



Bntin kngth of th*tti«M 
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E..tir. brttdtb oftbe .hell 
TbickniM of the two vmlvci 
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3. Spirigbrblxa pbbtumida, nov. sp. . PI. XI, figs. 1, 2. 

This species, which is represented by two specimens only, stands in a similar 
relationship to Spirigerella grandU, Waagen, or to Sp. media, Waagen, as does 
Retieularia eonularii, Qrunewaldt, to B. lineal a, Mart. It diffors from all the 
hitherto described species of the subgenus Spirigerella in tho very strong dovelop. 
ment of tho apical region in the ventral valve. The greatest thickness of the two 
valves coincides with the cardinal region. 

The vontral valve is as deep or a little deeper than the opposite one. It is 
almost equally curved in the longitudinal direction, porhaps slightly more strongly 
in tho apical than in the frontal region. Transversely the bend is very steep in the 
proximity of the margins, but becomes rather flat in the central portion of this 
valve. 

The apex is enormously inflated and strongly bent over. The beak is pointed 
and firmly approesed to tho apex of the dorsal valvo, its small foramen being thus 
entirely concealed. It is bordered on both sides by a comparatively large false area, 
whioh is not, however, marked off distinctly from tho remainder of the shell. Later- 
ally it is not overlapped by tho margins of the dorsal valve, as is often the case in 
full grown individuals of Sp. grandU. The frontal part of the valve is strongly 
produced. Of the two type specimens tho one, which is distinguished by its more 
elongated shape, is provided with only a very shallow median sinus, whereas in the 
second the sinus is well developed and originates in the apical region, extending for 
about throe quarters of the entire length of the valve. 

Tho dorsal valve is more strongly curved in the transverse than in the longitu- 
dinal direction. Tho median fold is developed as a sort of an obtusely rounded 
crest, in which the lateral parts of this valve unite, enclosing a right angle. This 
median crest originates in the very apex, but is only developed into a fold in the 
frontal region. This fold is neither very prominent nor rectangular. A small part 
of the apical region only is concealed below the beak of tho ventral valve. 

The ornamentation of tho two valves is the same as in Sp. gr audit, or in Sp, 
Lerbyi. The shell is fibrous in its structure which is well exhibited in a portion 
of tho dorsal valve of the specimen figured PL XI, fig. L 

Of the interior characters nothing, unfortunately, is known to me. Tho only 
feature, I have been able to observe, is the enormous thickness of tho ventral valve 
in the apical region, reminding me of Waagen's description of Spirigerella grandU 
(loo. cit , p 462). 

The measurements of the two typo specimens are as follows :— 

£ntir« Unjflii of t!-t« ilicfl , 
Lee gth of th« doraa] ttlre 
Bniirt bretdth of tht tbell 

XhickneM uf both nlTM , 

ApicaJ angU of ttu ventrtl rata 



1(6*1). 


JI(«g.»). 


S3 mm. 


33 mm. 


M - 


8*6 „ 


80 ., 


*' - 


*3 „ 






ro» 


1W 


ISO" 
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Number of tpeeiment examined. — 2. 

Bemark$.~ It appears to me, tbat the characters, which have been enumerated 
in the preceding diagnosis, especially the extraordinary inflation of the apical region 
in the ventral valve, are sufficient to distinguish this form from the hitherto described 
congeneric species. 

This species fa certainly noarly allied to Spirigerella grandi$, Waagen, or 
perhaps still more nearly to Sp. limoreuaie, Rothpletz (Die Porm- Trias- und Jura- 
formation auf Timor und Rotti, Palscontographica, 1892, XXXIX, p. 82, PI. X, 
figs. 4, 5). My specimens differ, however, from the figures of Sp. timorentia, given 
by Rothplotz, not only in the more strongly inflated apices of tho ventral valve, 
but also in tho fact, that a considerably smaller part of the apical region in the 
dorsal valve fa concealed by the beak of the opposite one. Among the numerous types 
of Spirigerella from tho permian rooks of Julfa, which have been united with true 
Athyria in one single species, Spirigera protea, by Abioh (Geologische Forechungen 
in den Kaukasischen Landem, I. Th. Eine Bergkalk-Fauna aus dor Araxoeenge 
bei Djoulfa, Wien, 1878, p. 62) there is especially the one figured on PI. VIT, 
tig. 7 of his memoir, which recalls Spirigerella perlumida. It has been described 
by Abich (loc. cit., p. 68) as Spirigera protea var. globularit, Phill. That it 
must be kept separate from tho true Spirigera (Athyria) globularit, Phill., has boen 
proved by von Mdller (Kcuos Jahrbuoh, 1870, p. 226). It is probably identical 
with Spirigerella Umorenti*, Rothpletz, a species, which this author himself believes 
to be represented among the variations of Abich's Sp. protea. An identification of 
this Armenian form with Sp. perlumida, is, however, impossible in spite of their 
general resemblance. In the specimen from Julfa the greatest thickness of the 
two valves fa situated about half way between the front and the cardinal region, and 
the difference between the cntiro length of the shell and of the dorsal valve fa only 
one sixth of the former, whereas it is more than one quarter in the Tibetan species. 



Tho genus Enteletei fa represented in the permooarboniferous fauna of Chiti- 
chun No. I, by a now species, belonging to the Bection of venlriainuati, Waagen, in 
which the ventral or smaller valve fa provided with the sinus, and the dorsal or 
larger valve bears the corresponding median fold. To this series of forms, the 
typical one of the genus, belong E. Lamarcki, Fischer v. Waldh., F. Kayteri, 
Waagen, E. hemiplicafue, Hall, B. lavitnimv*, Waagen, E. camicu*, Schellwien. 
My now species, which will reoeive the name of E. Ttehernytcheffi, fa very nearly 
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BRACHIOPODA. 67 

related to E. Kayteri, and belongs to a group of forms of which E. kemiplicaiu; 
II all, is the prototype. 

1. Enthletes Tschkenyschbfh, nor. sp. . PI. V, figs. 7-11. 

This in a rather large species of slightly transversely oval or nearly oiroular 
outlines, and strongly inflated valves, of which the dorsal one is considerably larger 
and more strongly vaultod. 

The ventral valve is provided with a comparatively Bhort, little prominent, 
moderately incurved apex, and with a high and conoave area, which is cut open in 
the middle by a large triangular fissure. The median sinus originates in the apical 
region. In full grown specimens (fig. 9), it may be traced almost to the very apex 
of the valve. It is angular and bordered on both sides by high and tolerably Rharp 
folds, which are followed on each side by three other folds. In some speoimens 
a fourth fold is slightly indicated. Those lateral folds likewise originate in the 
proximity of the apex. 

The dorsal valve, which is the larger one, is of a nearly semicircular shape. Its 
strongly incurved apex distinctly overhangs the hingo line, which equals only one 
half the entire breadth of the shell in longth. The area Is considerably lower than 
in the opposite valve, but likewise cut open in the middle by a large doltidial fissure. 
In this valve a strong median fold, originating in the apical region, corresponds to 
the sinus of the ventral valve. It is followed on eaoh side by three or occasionally 
even by four lateral folds. The median fold is tho broadest and highest of all, the 
lateral folds gradually diminishing in height and breadth. The crests of the folds 
as well as the median edges of the angular valloys between them are tolerably 
sharp. 

The front margin of both valvos forms a deeply and sharply zig-zag shaped 
line. Numerous striae of growth, which are bent up and down in similar zig-zag 
lines, covor the surface of the two valves in the vicinity of tho front. In well pre- 
served specimens (fig. 11) a delicate, radial striatum may be noticed. 

Of the internal structure of this species I have only been able to make out 
traces of the three septa in the ventral valve. 

Tho present species attains very considerable dimensions. As far, as we may 
judge from the size of the smaller valve, figured on PI. V, fig. 8, it is not much 
surpassed in this respect by B. pentameroidei, "Waagen, or by E. Sueni, Sohellwien, 
tho largest hitherto known species of this genus. 

The measurements of a moderately sized but fairly complete specimen are as 
follows :— 



Kntin length af the .lu-U 80 mm. 

Length of the don*] nlta 18 » 

Bntin brettdth of the ifctU » 5 „ 

Length of the hinge line 11 M 

Th»kn«.«fbotb n lr< S 1M ., 

Haij-ht •{ the »«» of the (owller nin I S 

ipiol ugh) of the immllor T»lve H«" 

t mi, „ 108* 
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Number of tpeeimettt examined. — 11. 



Bemark». — The prerent species seems to be very closely related to E. Kayieri, 
Waagen (=E. hemiplicatui, Kaysor non Hall, Obercarboniache Fauna von Loping, 
Riohthofen's China, IV, p. 179, PI. XXIV, figs. 2, 3) from the upper carboniferous 
rocks of Loping. As may be seen from the figures and descriptions givon by 
Kayaer, Waagen (Pal. Indica, ser. xiii, I, p. 553), and Schollwien (Pabeontographica, 
1892, XXXIX, p 35), these two speo'os bear a strong rescmblanco, and must cer- 
tainly be united in tho same group of forms. Nevertheless the Tibotan species 
can be easily distinguished from E. Kay ten by its more globular profile and by 
the strong plication of its valves. In E, Kayieri the number of lateral folds is 
always smaller, and both the folds and the median ridges in the intercostal 
valleys are neither so sharp nor do they extend so near the apical region, as in 
the present form. The remarkably flatter shape of the dorsal valve in 2?. Kayieri is 
also a good character of distinction. 

Thcro is no other species yet known from tho section of the ventriiinuati, to 
which E. Tichernyicheff* could bo more particularly compared. It is, however, very 
similar, if not actually identical, with a yet undescribod species from tho pormian 
rocks of Sicily, which the palasontological museum of the Vienna University has quito 
recently been able to acquire. 

This beautiful species is dedicated to Prof. Tsohernyschew of St. Petersburg, 
who by his geological work in the Ural Mountains contributed so considerably to our 
knowledge of the pabcozoic faunas of Russia. 



Although representatives of tho genus RhynchoneHa, Fisoh., aro not alto- 
gether absent from tho permocarboniferous limestone of Chitichun No. I, they are 
oxtrcmely rare. Among the exton&ive material I have only found two specimens, 
which may be attributed to this genus, and they aro in a too fragmentary state of 
preservation to allow any specific determination. It is a rather astonishing fact that 
the family of Rhynchonellid<e is almost exclusively represented, in tho Chitichun 
limestone, by the genus Uncinului, which lias been met with hitherto but very 
rarely, and in rather sporadic specimens only, in bods of a similar geological ago. To 
this gonus a species belongs, which I boUcvo to bo identical with Beyrich'B Rhyn- 
chonella timoremh from tho island of Timor, and which is not at all rare iu tho 
Chitichun limeslono. 



Family : RHYNCHONELLW/E Gray. 
Subfamily : R1IYNCHONELLIN/K, Waagen. 



Genus : UNCINULUS, Baylo. 




BUACUIOPOPA. 



1. UXCINULCS TIHOKBN8I5, BojTlch. PI X, ftgS. 7, 8, 9, 10. 

1845. Bty»ei<m*tta Ttmortntii, Berrien, Ueber tin* Kohleak»lk-Fjuo» tod Timor, Abhudlgn. K. Ak. 

\Vi«., Berlin. 1604, p. 1i, PI. I, 8g. 10. 
1SS3. U»ciaulu4 TiecialJi, W»»g»o, r»lr«nUilogl(» India*, mt. liii, Silt Bang* 7o#»il», I, Predoettu 

Limntene FomIIii, p. 435, PL XXZ1V. 6g. 1. 
1692. Ekytekentlla (f/itrinWw) Timorntu, Rothplgti. Die Perm- True- sod JanloroMtioo »uf Timor 

uud Bolti, P*lwiritogrk|ihka, XXXIX, p. S7, PI. X, 6g. 8. 

Bcyrich based liis diagnosis of this interesting species on a single specimen from 
the Ajermati river near Kupang on the island of Timor. Among Wichmann's col- 
lections from the same locality Rothpletz likewise discovered a single specimen of 
this species. Waagen introduced the namo 27. Theobaldi for two specimens from 
the Prod uctus limestone of the Salt Range, which, though resembling U. timo* 
rtntia very much, seemed to diffor from the latter in some minor details. Rothplets 
suggested that both V. Theobaldi and V. jabiensit, Waagen (PI. XXXIV, fig. 2, 
p. 427) ought to be united with V. timorenw until their characters of difference, 
which aro all within the limits of variations of a species, have been proved 
constant by the comparison of more material. My examination of a large number 
of specimens has convinced mo, that V. limorentii and 17. Theobaldi at least ought 
no longer to bo maintained as separate species, as they do not differ by constant 
characters. 

The points of difference, which Waagen considered to bo of specific value, are 
the following : TJncumlut timorcmii is distinguished by the greater smoothness of 
the shell, the smooth part in tho cardinal region of U. Theobaldi being considerably 
smaller, by the far broader median fold and sinus in comparison to tho lateral parts 
and by the greater flatness or the nearly impressed form of the ventral valve. 

Among my specimens both tho typical forms of V. timorensis and of 
V. Theobaldi arc represented, but linked together by a oonsidcrablo number of 
intermediate types uniting one or more of the above mentioned characters, which 
Waagen believed to be of specific importance. The specimen figured on PI. X, fig. 
8, perfectly agrees with the typical U. Theobaldi. Tho lateral parts and tho median 
portion of the shell are of nearly equal breadth, the ventral valvo is flatly arched, 
not impressed, tho ribs cover nearly half the extent of the valve. In tho specimen 
fig. 7, the ribs are considerably shorter, the smooth part occupying more than one 
half of the entire length of the ventral valve. But this distinction, which is baaed 
on the length of the ribs, loses all its importance from the fact, that in some of my 
specimens the ribs, although thinning very gradually, extend oven as far into the 
apical region, as in Uncinulus posterns, Waagen (loo. cit., p. 428). 

It will also bo found that in different examples tho breadth of the median 
portion, corresponding to the mesial fold and sinus, varies considerably. In tho 
specimen fig. 10, the median part of the shell is more than twice as broad aa the 
lateral portions, a proportion, which perfectly agrees with that noticed in Beyrich's 
type specimen. Ror is tho shape of the ventral valve a more constant character. 
In the specimen fig P, it is barely loss distinctly impressed than in the typical 
tV. limoreni't. 
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Of other variations the following may be mentioned : Tho shelly rectangular 
lobe, into which the median part of the ventral valve is prolonged, is very variable in 
its height, and bordered on both sides by either vertical or very steeply inclined 
margins. The number of ribs is also variable. I counted from oight to twelve ribs 
in tho sinus or corresponding fold and an equal or larger number in the lateral 
portions of tho shell. 

My examination of the fossil material in the Tibetan oollection has convinced 
me, that Waagen's illustration of TJncinulut Theobald*, is only one of the numerous 
modifications, assumed by this variable species. After tho discovery of so many 
intermediate shapes it has appeared to me impossible to arrive at any other satis- 
factory conclusion, than that they are all variations of U. timoreneia. Both species 
apparently merge into each other so completely, that I cannot help considering them 
as specifically inseparable. 

I am not, however, inclined to add UneMutu jabienaia, Waagen (loo. cit., 
p. 427, PI. XXXIV, fig. 2) to the synonyms of U. timoreneia, as has beenadvocated 
by Rothpletz. All my specimens of V. fimorenaia are transversely oval and much 
shorter than broad. I have never met with a single type among them, representing 
the triangular outlines of V. jabientii, or V, poaterua. I therefore believe the 
transversely oval shape of U. timorentia, to be a good and constant cliaracter of 
spocific importance. The number of ribs in U. jabientii is also considerably smaller 
than in any of my examples of the present species. 

It is barely nooessary to add anything else to "Waagen's excellent description of 
V. Theobaldi. Regarding the internal structure of the species, I may only remark, 
that besides tho tolerably largo dental plates in tho ventral valve a median septum 
Las been noticed in the dorsal valve. 

My largest specimen attains a diameter of 28 mm. The measurements of a 
median sized specimen are as follows :— 

Eitire Itogtb of th« ibell ......... 15 mm. 



UnjrUi oflfaa iornl t*1t« 185 „ 

SntirabnwlUofawib.il *) 

TliiokiMt • of both Talrat IS .. 

Apio.) ugW of tbt natal TtlT US" 

>• » •> ■> dori»l ,, . «pp. MOP 



Number of ipecimena examined. — 28. 

Bemarkt. — The present species has been described both from the Kalabagh 
beds of the middle Froductus limestone and from the Jabi beds of the upper 
Froductu8 limestone in tho Salt Range by Waagen, and from tho permian rocks of 
Timor by Beyrich and Rothplets. 

Locxy (Wisscnsohaftliche Ergebnisse der Reuse des Grafon Bela Szeohenyi, I 
Th. Wien, 1693, p. 723) quotes the species from bods of a probably pormocarboni- 
f eroua age near Yar-ka-lo in South-Eastern China- 
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8ubfamUy : CAMAKOPHORIINJS, Waagen. 
Genua : CAMAROPHORIA, King. 

This characteristic and easily recognisable genus is represented in the 
carboniferous fauna of Ghitichun No. I, by three Bpecies, all of which belong to the 
group of Camarophoria crumena, Mart. Of these three species only one can be 
identified with a woll known Salt Bange form C, Purdoni, Davidson. Tho second, 
although very nearly related to C. Purdoni, must be considered as new species 
distinguished by its unusually large size and by the larger number of ribs, covering 
both valves. The third specie* is too impnrfoctly preserved to allow an oxaot 



1. OiMAaoPHORiA Fvrdoki, Davidson. PL XII, figs. 6, B, 9. 

ISA*. Otmtnfltma PmrJoni. D»Tid»<m. Qoart. Joorn. Oeo!. 800. London, XVIII, p. SO, P1. Ill, fig. 4. 
I86S. Cawartfkaria Purdoni, U>ri4«jB. in h. <U Koolnck, Uimam tat lw fowiU ptltooiqiM 

duul'Iddt.p. 36, PI. XII, Eg, 4. 
1833. C P*rJ*ni. W*<gen, Sail Ran** FouiW, ur. ilii, Piteontologici Iodic*, I, Piwluetiu Linurt 

F\*.ik p. 487. Pi. XXXII. tgt. 1-7. 
1890. C. P*rJ*.i. Xikitiu. Mm. Com. Geot Ron., 8t. Pltmboarg, V, So. 6, p. 71. PI. HI, Eg* 6-7. 



This species is very common in the permocarboniferous limestone of Chitiohun 
No. I. 

The specimens do not vary greatly in their general shape and outlines. The 
majority among them are transversely oval, but examples are not at all rare in 
which the length and breadth of the shell are nearly equal. The valves are cither 
strongly or moderately inflated. Flat specimens, like the one figured on PI. XII, 
fig. 9, are quite an exception. Both valves are convex, but the dorsal valve is 
always much more Btrongly vaulted. The sinus in the ventral valve is rather broad, 
alwayB broader than the lateral parts, but not deeply sunk in. The beak is well 
incurved and pointed, but it is very rarely sufficiently well preserved to exhibit the 
triangular slit at its lower side. 

The ventral valve is covered with sharply rounded ribs of a rather irregular 
strength and number. They originate in the proximity of the very apex, leaving 
a very small portion of the sliell only entirely smooth. This is a good character of 
distinction between the present species and ft erunttna, Mart, or ft pingui*, Waag., 
in which the ribs are always restriotod to the frontal, marginal and central portions 
of the shell, whereas the cardinal region is quite smooth. In average sized specimens 
there are from ten to eighteen ribs present in this valve. There are from five to 
seven ribs within the sinus. On the lateral parts of the valve the number of ribs is 
rarely equal on both sides of the sinus. Like Waagen's types from the Salt Kanga 
the Tibetan specimens show a remarkable tendency to become unsymmetrical. 

The augmentation of ribs in full grown specimens is always due to the inter- 
calation of new ribs, not to a bifurcation of the original ones, which remain 
undivided from the apical region to the front. 
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The dorsal valve is distinctly subdivided into thrco portion*, of which the 
dc is very broad, but not much olovatod, rounded and slightly flattened on 
ita top. The sculpture is of the same pattern as in the opposite valve, but the 
number of folds is, as a rule, a little larger. 

Traces of expansions have been notioed on the frontal and lateral margins of 
several specimens. 

The internal characters of the Tibetan examples agree perfectly with Waagen's 
and Niki tin's descriptions and figures. They are, as a rule, better exhibited in the 
ventral than in the dorsal valve. The strong median septum is fixed to tho dental 
plates so as to leave an ogival interval between tho latter. In the dorsal valve both 
tho high median septum and the spathulate, trilobate plate have been observed. 

Tho measurement* of an avcrago sized specimen are as follows : — 

Entire length of tha •Ml «« mm. 

length of the doraal ttirt 23'5 „ 

Ksllretireedth »f the aMI 3* „ 

Brradth of Ike median loU 18 „ 

Tbieknoe of both valve* 18 ., 

A pic*) ngle of tie ventral wire 98' 

„ „ „ „ dorsal „ US* 

Number of specimens examined.— 51. 

Remarks.— There cannot, I think, be much doubt as to the identity of the 
Tibetan specimens with Davidson's species, as they agree with tho latter not only 
in their more important characters, but also in their minor details. 

The only other species, with which they might bo compared, is Camarophoria 
alpiaa, 8chellwien (Fahjeontographia, XXXIX, 1892, p. 51, FL VIII, figs. 4.8), 
which only differs from C. Purdoni in very minor details, but the number and 
arrangement of ribs in the Tibetan examples is more in accordance with David- 
son's Indian species. 

In the Salt Range Camarophoria Purdoni is very common in the Virgal and 
KAlabagh beds of the middle Productus limestone, but very rarely extends into 
higher strata. Kikitin quotes the species from the Gshelian stage of the upper car- 
boniferous deposits of Central Russia, lie likewise refers C. plieata, Tschornyschew 
(Mem. Com. Gcoi. Russ., St. P£torsbourg, III, No. 4, p. 3(J9) from the Artinskian 
horiaon of tho Ural Mountains to 0. Purdoni. 



2. Camahophoria oioantka, nov. sp. . PI. XII, figs. 5, 7, 10. 

From Camarophoria Pu>do>,i a species must bo separated, which, although 
very nearly related to tho former, is readily distinguished by its very remark- 
able size and by the larger number of ribs in both valves. This species attains 
gigantic dimensions, surpassing largely in size all tho types of C. Purdoni, which 
have been figured by Davidson, Waagon and Nikitin. Nor can any intermediate 
tvpee be traced between the two forms. 

In their general shape and outlines the two species agree perfectly with each 
other. The only difference consists in the sculpture, which is formod by a larger 
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number of ribs in C. gigantea. The ventral valve bears from eight to twelve ribs 
within the sinus, and from six to eight ribs in each of the lateral parts. In tho latter 
the same tendency to become unsymmetrical, is exhibited, which is a remarkable 
character in C. Purdoni. In the dorsal valve tho numbor of ribs amounts from twenty 
to thirty, of which always more thon a third lie on tho flatly roundod median 
fold. The ribs are highly rounded but not acute. Their augmentation is due to 
intercalation only. All tho ribs remain undivided from the apical region to tho 
front. No bifurcate ribs have been noticed in any of my specimens. 

8imilar traces of lateral expansions, as in 0. Purdoni have been observed on 
the frontal and lateral margins of several specimens. 

So far, as I have boen ablo to mako out the arrangement of the dental plates 
and septa, the internal structure is the same as in the preceding species. The figure 
PI. XII, fig. 10, gives a lateral view of tho ventral and dorsal sopta, which agrees 
almost entirely with Waagon's figure of theso characters in C. Purdoni (PI. XXXII, 
fig. 0). 

The measurements of my type specimen (9g. 5) are as follows :— 



Entire length of th« nholl 45 mm . 

Length of Ibe dona) »*Jre . . . 48 „ 

Entire brwd'.b of the shall ......... 68'5 * 

Breadth of the median fold SB ,. 

Thick mm of both ntves 2* „ 

Apical angle of the Teotrol »alw 107° 

• f 1. i. n doraal ......... 118* 



Number of tpecimens examined.— 25. 

Bemark$.—Hie specific claims of this form may perhaps be considered un- 
certain by some paleontologists, but the distinctions suggested in the preceding 
diagnosis are, in my opinion, of sufficient importance to allow it to be maintained as 
a separate species. Its remarkable size and the larger number of ribs constitute 
appreciable differences between the present species and 0. Purdoni, although both 
are certainly very nearly related to each other. 

By its unusually large dimensions this species recalls C. Piicata, Ku tonga, frorn 
which it in, however, distinguished by the character of its ornamentation. In tho 
Russian Bpecics the ribs are augmented by bifurcation, which is never the case in 
the Tibetan types. 

3. Camarofhoria bp. ims. afp. C. c rumen a, Mart. . Fl. XI, fig. 8. 

A third species of tho genus CamaropAoria is represented among the mate- 
rial from Chitichun No. I by threo specimens, attaining a length of 8 to 12 mm. 
only. The internal arrangement proves that they belong to the present genus. In 
their outlines and sculpture they recall C. orumeno, Mart., and C. pinguis, 
Waagen. They differ from C. purdoni, in which tho shell is almost ontirely covered 
by ribs, even in quite young individuals {vide PI. XII, fig. 8), by their ribs being 
restricted to the frontal portion of tho shell and being acute on their tops. The 
numbor of ribs within the sinus varies from two to four. 



74 



HIMALAYAN FOSSILS. 



As apparently no full grown specimens arc among the Tibetan examples, I must 
leave it undecided, whether they should be attributed to one of the two above quoted _ 
forms, or to a separate spooies. 

Suborder: ANCYLOPEOMATA, Zittel. 

Family: TEBEB RAT VLIDM, King. 
Subfamily: TKREBRATULIN.B Waagen. 

Subgenus: DIELASMA, King. 
1. Diblasma biflbx, Wangen. PI. XI, figB. 6, 7, (?) flg. B. 

1882. Ditl<umt Hfttr, Wugtn, Puteontotogim Iodin, nr. iiii.S»U Ruig< PomiIi. I, Productm LimrtoM 
FoMila, p. SIS, pi. XXV, 6gt. 3, t, i. 

Among a small number of spcoimons, by which the subgenus Dielatma is re- 
presented in the Chitiohun fauna, the two examples figured (figs. 6, 7) may, in 
my opinion, be safely identified with the present species. The rest I must leave 
undetermined. My reasons for doing so will be easily understood by any one who 
has hnd to deal with incomplete forms bolonging to a genus, in which the spocifio 
distinctions have boen based on very subordinate details alone. A species of 60 
large an extension, as was melasma tacculus, Martin, as defined by Davidson, 
may bo of littlo ubc for stratigraphical or for biological purposes, but it can scarcely 
be denied, that species of so narrowly restricted, as those which have boon intro- 
duced by L. de Koninck in Vielatma, are likewise praotically useless. 

The two figured specimens exhibit the olongatcly pentagonal outline, which is 
peculiar to Waagon's specimen PI. XXV, fig. 6, from the middlle Productus 
limestone of Musakhoyl. Thoy are, however, somewhat variable in tlieir genoral 
shape, the specimen fig. 6 being more strongly elongated and having its greatest 
transverse diameter shifted considerably nearer towards the frontal part. The most 
conspicuous character, which is especially well developed in the specimen fig. 7, 
1b the presence of two converging folds in the dorsal, and of a straight mesial fold in 
the ventral valvo. In my second specimen, which has been slightly deformed by 
pressure, these characters are less distinctly indicated. 

The ventral valve is provided with a tolerably largo and thick beak, which is 
pierced by a broad, oval foramen. The apex is slightly bent over but not appressed 
to the apex of the dorsal valve. The small deltidium is clearly visible in the spe- 
cimen fig. 6. From both sides of the foramen indistinct ridges descend for a 
short distanoo to the lateral parts of the valve, bordering the broad false area, whose 
lower part is not, however, distinctly marked off from the remainder of tho shell. 
The frontal line is distinctly biplicate and produced into two slightly bent up lappets, 
corresponding to tho two folds of the dorsal valve. Tho obtusely rounded, low 
ridge originates in the middle of the length of tho valve, and gradually inoreasing 
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In width, reaches down to the front line. It is bordered on both sides by low, 
rounded depressions. 

The dorsal valve is much more Btrongly vaulted in the transverse than in the 
longitudinal direction. In the apical region two indistinct, rounded folds originate, 
which diverge towards the front line leaving a low, triangular depression between 
them. In the specimen fig. 6 the marginal slope of these folds is marked by a 
distinct bend in the transverse profile of the valve. 

Of tho internal structure the presenoe of strongly developed dental and septal 
plates lias alone been determined. 

The measurements of the specimen figured on PI. XI, fig. 7, are as follows : — 



Entite Iragtb oftho (litl! 81 mm. 

Length of the dan*] ralre ......... Si)'5 « 

Entire bmdth of «ti*«be)l • . . S6 „ 

Tliiuknau oi both vmlTH 1<I'5 „ 

ApiuftUughof thotontrel »dv« 7S° 

„ „ ., donml „ ........ 108» 



Number of specimens examined.— 1 !. 

Remarks. — It is only with great hesitation, that I refer the adolescent specimen 
PI. XI, fig. 5, to the present species. In this specimen tho peculiar characters of 
Dielotma biplex are not yet distinctly indicated. 

In tho Salt Range D. biplex is restricted to the middle Froductus limestone. 
"Waagen quotes it from the VLrgal and Kalabagh beds, but not from the Kntta beds 
of this division. 

Tho specimens of Dielasma are too incomplete to state whother other species 
besides the present form, are represented among them. 



Subgenus: Hemipttchika, Waagon. 

The genus Hemipty china has been introduced by Waagen for such species of 
Terebratulime fimbriata, in which distinct septal but no dental plates have been 
developed. Kothpletz ( I'akeontographica, XXXIX, 1886, p. 72) rejected Waagen's 
genus, which he considers to be merely a stage of development in different series 
of the genus Terebratula. Oehlert (in Fischer's Manuel de Conchyliologie, 111, 
p. 1315) likewise classes Bemiplyehina among tho synonyms of Terebratula. 
Deslongohamps (18H4) howovor elevated the species united by Waagen in his genus 
Hemiptyehina at least to the rank of a distinct group (a) of Terebratula, and 
Geheimrath von Zittel in his recently published Grundzugc dor Paheontologio 
(p. 275) advocates the retention of the name Hemiptyehina as a subgeneric deno- 
mination. In the present memoir the latter view has been followed. 

In the permocarboniferous fauna of Chitichun No. 1 the subgenus Hemipty- 
ehina is represented by three species, all of which are identical with Salt llanga 
farms. 

x 2 
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1. Hemipttchina niiiALATEKSia, Davidson. PI. XII, fig. 4. 

mi. Tirtkratula iimalaytvti*, l>»odun, Qaart. J«rn. G«oU 8oe. London. XVIII, p. «7, PI. II, fig 1. 
1863. T. D»rld*oe, in L. <U Kuniock, Mimoire inr 1m fowl* pilAnoiqnM recunllb din. 

I'lnde, p. 32, PI. IX. fig. I. 
1878. T. kimatayeutu. Wugtn. bar. QmI, 8orr. Ind„ XI, p. 1S6. 

lShS. EcmiptgcHnt kinalam%tU. Wugcn, PaL Indies. HI. illi. Sail Rings PoMiU. I, Prodactm LurK- 
ttow K*.iU, p. 868, PL XXVI. fig.. 6-10. 

This species is represented in the collection from Chitichun No. I by two 
specimens, agreeing perfectly with the figures and descriptions given by Davidson and 
Waagen. 

The specimens are strongly elongated, truncated at their front, and provided with 
ten or eleven short folds. The two valves are equally vaulted. The beak is pierced 
by an oval foramen. The sculpture of both valves is smooth up to witluo a few 
millimetres of the margins, where the short rounded ribs are developed. In my 
examples, which liave boen slightly deteriorated by weathering, only the four or five 
folds occupying the front, are distinctly visible. 

The measurements of my larger specimen arc as follows :— 



Entire Ungth «i the shell 3, mm 

Length of th. dor.nl T.lr. l*-6 „ 

Et,tir.br«dthoitke.h«U lfl „ 

ThleknoM of l»th v«lt« U .. 

Apicnl nngk of the ventral nht 70* 



i. ». >» u doraal ,.»••••■* *pf>- I 111* 

Sumher of specimens examined. — 2. 

Remarks.— The present species is very common in the middle and upper Pro- 
iluctus limestones, but very rare both in tho Katta beds and in the lower Produc- 
tus limestone of the Salt Range. Mr. Hughes collected it in a white crinoidal 
limestone in the Central Himalayas near one of tho passes leading from Milam into 
Hundes. 

2. Hkmiptychika sparsiplicata, Waagen. PI. XII, figs. 1, 2. 

16%2. Hemiptykina tperriplirata. Wiwgen, wr. xiti, Salt Range FoanlB, Pal. Indicn, I, Productui Lime. 

•ton* FoK.il«, p. 866, PI. XXVII, Eg*. 4. 5, C 
1862. Ttrtbratula kim»U^tmrit »»r. tpjrtiplieeti. Rothpltti, Di» r*rov Triw nnd Jamfurmttion »uf 

Timor nnd Rotti, Pt.Wntog-» P l»c», X XXIX, p. 85. PI. X, 6g. 10. 

Tliis species, which is a little more numerously represented among the collec- 
tions from Chitichun No. I is only distinguished from Heniptychina himalayensis 
by the smaller number of its folds. 

The two species are linked together, according to Waagon's own statement, by 
a number of transitional forms. Nevertheless Waagen "thought it expedient* 
to note tho typical form of H. sparsiplicata by a special name " by reason of 
its geological importance To B. sparsiplicata a more varietal rank lias boen attri- 
buted by Rothpletz. I deemed it preferable to follow Waagen's view, without 
overrating the geological importance of the two species, the number of which among 
my material is altogether too small to allow any conclusion in this respect. 
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lu all the examples under description the number of folds is considerably 
smnllor, than in the two figured types of II. himalaytntit. The species is rather 
variable in its outlines. Tho specimen figured on PL XII, fig. 2, exhibits the 
roundish Rhapo and the large apical angle, which, according to Waagen, chiefly 
characterize tho typical form of B. $par»iplicata. Pig. 1, on the contrary, represents 
a specimen of unusually elongated outlines. 

The measurements of a specimen, agreeing with the typical form of H. sparsi- 
plicota (fig. 2) are as follows :— 



Entire length of the »h<ll JO „,„,, 

LccK' h of *b« dor»l valre 17 „ 

Kr.tire breadth of th* iliel) U J (| 

TOickon* of both t»Ito» 125 „ 

Apical angle of tho ventral valv 82" 

„ „ .. dweal \U' 



dumber of specimen! examined.— 8. 

Remarks. — Tho present species is abundant in tho lower Productus lime- 
stone and in the Katta beds, but rare in the Virgal and K&Ubagh beds of the Salt 
Range. From tho permian rockB of Timor tho species has been quoted by Both- 
pletz. 

3. Hemiptychiha. inflata, Waagen. PL XII, fig. 3. 

1892- Btmiptjfthina im/iata, Waagan, Pabroatoloffi* Indica, tar. xiii, Bait Rang* FoMita, I, Prodootiu 
Liowtone Poarils, p. 373. Pt. XX VII. fige. 7. 8, ft 

To this characteristic species I can attribute only a single specimen, which is 
distinguished from the other specimens of Eemiplyehin* by its largo sizo, its 
strongly inflated valves, its globular outlines, and its distinctly developed plications, 
which extend across the larger portion of the shell to the front line. 

AJy specimen has been considerably damaged by weathering. In the dorsal 
valve especially tho sculpture has been almost entirely destroyed. But the consi- 
demble inflation of the shell and the character of the folds which in the ventral 
valve originate in tho proximity of tho apical region, make a distinction from the 
two preceding species an easy matter. There are about ten folds present, four of 
which occupy the frontal portion of tho ventral valve. Tho absence of any dental 
plate in this valve does not allow the present specimen to bo confounded with Die- 
lasmintt plicata, Waagen. 

The measurements of this specimen are as follows : — 

Entire length of the ehell 26 mm. 

lamjrth of tho doreal ralve ......... SO M 

Entire breadth of the ah*ll W » 

Thkkseae of both eaJw. t» „ 

Apeal »ogU of the woiral tmlr. pp. 70° 

.. „ . doraal »PP- 120* 

Humber of specimens examined.— 1. 

Remarks.— Uemipty china inflata is quoted by Waagen from the Virgal and 
Kalabagh beds of the middle Productus limestone and from the lowest beds of the 
upper Productus limestone in the Salt Range. 
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Genus : NOTOTHYRIS, Waagon. 

1. NOTOTHYRIS TRIPLICATA, DOV. 8p.. PI. XIII, figs. 1, 2. 

It is only on the analogy of its external shape, that I place the present specie* 
in Waagen's genus Notothyris, as I have not boon able to make out the internal 
characters, although I have sacrificed a good number of specimens for their investi- 
gation. Nevertheless the reference of this species to JSoMhyrit is barely more 
doubtful than Waagen's identification of Terebratula djottlfenrii, Abich, with 
one of his species of Notothyris from the Salt Rango Productus limestone. 

In their general shape and outlines Not<>lkyri$ and Hevtipttchina exhibit a 
remarkable similarity. According to "Waagen's statement, however, there is in 
Metuiptychina always a certain tendenoy to form a slightly vaulted frontal line, 
whilst in Notothyrii, on the contrary, the tendenoy prevails to bend the frontal line 
in the opposite direction. In my specimens a very distinct sinuation takes place 
in the frontal line, so much bo, that the indentations corresponding to the folds of 
the frontal region aro situated at a lower level than those of the lateral parts. This 
peculiar feature marks the present species as forming part of tho genus Notothyris. 

The general outline of the present species is elongatcly oval or indistinctly 
pentagonal. The two valves are of very unequal depth, the ventral valve heing 
much more strongly inflated than the opposite one. 

The ventral valve is strongly curved both in the longitudinal and transverse 
directions, but even more so transversely. Longitudinally the curvature is very 
equal, but trans vorsely it is slightly flattoned in tho middle portion of tho shell. 
The beak is moderately tliick, prominent, but not strongly bent over. It is pierced 
by a small foramen just behind its apex. An indistinctly limited off false area 
extends for a short distance from both sides of tho beak. 

Tho most characteristic feature in this valve is its peculiar sculpture, which 
remarkably differs from the ornamentation in all the hitherto described species of 
Notothyris. The valve is smooth for about half its length from the beak. Then 
thore appear two vory strong, sharp folds, which extend down to tho front and very 
distinctly separate the frontal portion of the valve from tho lateral parts. In the 
rounded valley, which is enclosed by these two folds, a third median fold rises, which 
is, however, slightly inferior in strength. On each side of the frontal portion of tho 
valve one or two short lateral folds are doveloped. Tho margin of the valve is dis- 
tinctly sinuated in the frontal region, so that the indentations corresponding to the 
three folds of the frontal part aro situated at a lower level than tho&o of the lateral 
parts. 

The three high and sharp frontal folds, of which the middle one is slightly less 
strongly marked, are a constant character in all tho numerous specimens, which I 
have been able to examino. 

A great many imbricating stria? of growth are crowded together in the proxim- 
ity of the margins, whorca9 few only are doveloped in the middle portion of the 
valvo. 
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The dorsal valve is rathor flat and always remarkably less strongly vaulted than 
the ventral one. In the longitudinal direction it is, however, strongly deflected in 
tho vicinity of tho front, frequently imparting to the entire shell a Blightly truncated 
shape. In this valve the folds aro much shorter than in the opposite one, and three 
quarters of its entire surface remain almost perfectly smooth, except for the imbri- 
cating stria? of growth. Four comparatively strong folds are situated on the frontal 
part. The lateral folds are but indistinctly developed. They occur to the number 
of one or two on each side of the front. 

The front margin is abghtly prolonged, corresponding to the sinuation of the 
ventral valve. 

Of the internal characters of this species nothing is known to me. 
The measurements of one of my type specimens are as MIowb : — 



Entire length of th# ahall 80 mm. 

Length of tha dorsal valre • 17 „ 

Emira breadth of ttw »l»ll ......... 16 „ 

Tbi«ki>»* of both ralra* IS „ 

Apical aogle of tha Teatral 67' 

„ ,. „ „ donad ., 104° 



Number of specimen examined— 28. 

Remarks. — This species of Nolothyrit is easily distinguished from all the other 
congeneric forms by its peculiar, triplicate sculpture. Nor is any species of 
HemiptychxNa known to me, to which it might advantageously be compared. 

In my preliminary report, on the geological results of the Himalayan expedi- 
tion to Johar, Hundes and Painkhanda in 1892, I have quoted N. simplex, Waagen, 
among the species of this genus, represented in the permocarboniferous fauna of 
Chitichun No. I. After a careful examination of the specimens in question, I 
prefer however to abandon this view, as these examples are too imperfectly pre- 
served to allow any satisfactory determination. 



2. Notothyris CP. suBVESiccLAKis, Davidson. 

1562. TirtbraUla nWrinM, Dariihon. Quart. Joorn. Gool. Soc. XVIII. p. 27. PL II, £g. 4. 

1563. Tertlrutnla tvbrttievlorii, DaTtdaon. m L. i» Kooinek, Mamoiro >ur lea fo««ile» |»Mozoiqae» racatillia 

■Una Hade, p. S3, PI. IX, fig. «, 
1SS2. A'cfcilAr"' ntwienlarU, Wujn, PJwnntnlogia Indie*, aw. »ui, Salt Bang* foniU, I, Product a. 
Limaetcn* fo.aU., p. 379, PI. XXVIII. fige. 8, 4. 

I am unfortunately nnablo to give an adequate figure of tho Tihotan represent- 
atives of this species, the only two available specimens having been sacrificed in 
fruitless attempts to make out their internal structure. I must consequently 
abstain from giving a detailed description but shall confine myself to the statement, 
that among the permocarboniferous fauna of Chitichun No. I. a few examples have 
been noticed, which in their external characters entirely agreed with Davidson's 



so 
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species. Prof. Waagen who examined my specimens, likewise declared thetu to be 
identical with Kotothyrii etthveticularit. 

In the Salt Range this species is characteristic of tho upper region of the 
middle Productus limestone (Virgal and Kalabagh beds). In tho upper Produotus 
limcstono it is extromely rare. Outside the Punjab it has been mentioned by 
"Waagen from a white crinoidal limostono, which was picked up by Mr. Hughes 
near one of the passes leading from Milam into Tibetan territory. 



Class: BItOYZOA. 

Order: GYMNOLJJMATA, Alio). 
Suborder: CYCLOSTOMATA, Busk. 

Family: FESESTBLL1D&, King. 

Genus : FENE8TELLA, Lonsdale. 
1. Fenestella sr. ujd. . PI. XIII, Fig. 3. 



Among the material from Chitichun No. I a few small fragments of colonies 
may be safely attributed to this genus. All the rest of Bryozoa in the colleotion 
are too badly preserved to allow any diagnosis. Nor did I dare to attempt a 
specific determination of the figured specimen of a Fenettella, as of the two 
faces of tho colony the non-poriferous is alone accessible to observation. I have 
entirely failed in preparing tho poriferous side, which is not only firmly attached to 
the rock, but also completely destroyed by having been altered into crystallized 
calcite. 

Tlie largest fragment of a colony available for description is fan-sliaped, with- 
out the presence of any marked axis. It recalls F. virgosa, Eichwald (Lethiea 
Rossica I, PI. 23, fig. 9, p. 353), but tho meshes of tho network are a little 
larger. Tho branches are rather thin, of equal thickness for their whole extent, and 
bifurcate in a somewhat irregular manner. Otherwise thoy run tolerably parallel 
to each other. 

The fenestrates are oval or rectangular, with rounded off comers, and consider- 
ably longer than broad. There aro about three fenestrates within the space of 
5 mm. in the direction of the extension of tho branohos, and four in tho transverse 
direction. The branches and the dissepiments aro of nearly equal thickness. 

The presence of an indistinct longitudinal striation of tho branches eannot he 
positively asserted, as the surface in all the specimens appears to have been slightly 
injured by weathering. 

Number of tpeeimem examined.— k 




CCELENTKRATA. 



61 



ECHINODERMATA- 

Class: CliLN'OlDEA. 

In the permocarboniferous fauna of Chitichun No. I only stem joints 
of representatives of this class have been preserved. Although very abundant, 
they are insufficient for generic determination. I must consequently abstain from 
giving descriptions or figures, and merely record their presence in the Chitiohun 
limestone. 



C(ELEHTERATA. 

Class: SPONGLE. 
Subclass: CALCISPONGI.E. 

Order: 8YCONES, HtBckol. 
8ubordar: SPHINCTOZOA, Steinmann. 

Family: SPHAi R OS IP BOH ID 2B, Steinmann. 

Genus: AMBLYSIPIIONELLA, Steinmann. 

In placing AmUynphonella among the Syconet, I am following the view of 
Rauff. (Palseospongiologie, I. Theil, Palseontographioa, XL, 1893, p. 102), who 
does not share the opinion expressed by Steinmann (Pharetronon-Studien, Neues 
Jahrbuoh, 18*2, II. Ttu, p. 169) and Waagen, regarding the systematic position of 
this genus among the Pharetronet. 

I regard a specimen, which, notwithstanding its rather fragmentary state of 
preservation, appears to be nearly related to A. veticulota, de Eon., but differs by its 
comparatively smaller size, as a typical representative of the genus. 

1. Ambiysiphonella, afp. vesiculosa, do Koninck. PI. XIII, Fig. 4. 

The fragment available for description consists of five segments, of whioh 
only the lower three are tolerably perfect. The segments are shortly cylindrical 
with convex sides, and separated from each other by deep furrows. The outer walls 
of the segments are thin and perforated all over by numerous, very small pores. 

Both longitudinal and transverse sections exhibit a moderately wide central 
tube, bordered by a rather thick wall. It is surrounded by the circular chambers, 
corresponding to the segments, in the shape of broad rings. 
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I have not succeeded in making out tho details of the internal structure 
although the presence of numerous vesicles within the chambers has been noticed- 
The measurements of this fragment are as follows :— 



Entire L»*Ui ot the frwrmeol S5 mm. 

Diaitoler of the third MgntDt 1*5 . 

„ „ „ hrerMt „ IS ■ 

Height of the third eogmeat 6 „ 

Widths the ee.treltttbe 3i-6 „ 



Number of specimens examined. — 1. 

Remarks. — This fragment is rather nearly allied to Amblysiphonella vesiculosa, 
de Koninck (Waagen, Pal. Indies, ser. xiii, I, p. 978, PI. CXXII, fig. 1), from 
which it differs by its considerably smaller size. In this respect it agrees with A. 
BarroM, Stcinmann (Neuos Jahrhuoh, 1882, II. Th., p. 169, PI. VI, fig. 1) from 
the carboniferous rooks of Sebargas in 8pain. Prom tho latter species it is however 
readily distinguished by its cylindrical shape, the angle of emergence being con- 
siderably smaller than in A. Barroisi. 



Class: AIxTHOZOA. 

Order : TETHACORALLIA, Hnwkel. 
Family: CYATUOPUYLL1DA1, Hteckel. 

Gonus : LONSDALEIA, M'Coy. 
1. Lonsdaleia indica, Waagen and WentaoL PI. XIII, figs. 5, 6. 

\m. I^Mdolfia Mica, Wawn »d W.nU.1. PWaoatdoKW lodla, mt. liii, S*U Rui|. Foe»le, I. 
PnJ.icu. Liiw.UK>. Foe.Ce. p. 897, PL CI, fige. 1-3. Pi. CX V, fig.. M. 

This is by far tho commonest species of coral in tho Chitichun limestone. Part 
of tho south-eastern slope of the crag of Chitiohuu No. I is made up almost entirely 
of a coral rock, composed of corallitos, which in every respect agree with Lonsdaleia 
indica from the Salt Range Produotus limestone. 

The compound corallum is composed of cylindrical, tolerably straight corallitos 
which are rather far apart and are only in very few cases blended together. Their 
surface is covered with numerous transverse wrinkles, and exhibits a delicate longi- 
tudinal striation. The diameter of tho calioes varies from 3 to 7 mm. No trace, 
of a secondary wall aro indicated. The columella occupies nearly a third of the 
diameter of the entire cnlix. There are about twenty primary septa, and an equal 
number of secondary ones. 

In transverse thin sections (PI. XIII, fig. 6c) the transverse lamella, which 



■ 
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forms the centre of the columella, is very distinolly exhibited. This character 
makes a distinction of L. indiea and L. eirgalen***, Waagen and Wonted (loc. oit. 
p. 900, PL OX VI, fig. 2 ; PL CI, fig. 4) from all the congeneric spocies an easy matter. 
It is the presence of this central transverse lamella, and the exceptional arrangement 
of the tabulae, which in Waagen's opinion, might evon l>e oonsiderod sufficient 
for the introduction of a distinct generic denomination for L. indiea and its allies. 

From the central transverse lamella radiating lamollio originate, which arc 
crossed by a concentric lamella tion. The columella is marked tff very sharply from 
the remainder of the calyx by a distinct wall. This wall is reached by the majority 
of the primary septa. A few of the latter are even brought into contact with 
one of the radiating lamellae within the columella. The interscptal dissepiments 
are very numerous, but are not arranged regularly so as to form concentric acces- 
sory walls. 

Remark:— I think thcro can bo scarcely any doubt of the identity of the 
specimens from the Chitichun limestone with Lon*daleia indiea. The larger 
diameter of the branches and tho irregular arrangement of the interscptal dissepi- 
ments forbid an identification with L. virgalenti; which is, however, vory nearly 
allied to L. indiea and is only distinguishable by very subordinate characters. 1 
know of no other species of tho genus Lomdaleia, with which my specimens could 
be advantagoously compared. 

In tho Salt Range L. indiea occurs In very large numbers in the coral beds of 
the middle Productus limestone (Virgal beds), but extends also, though more rarely, 
into the Kftlabagh beds and Khundghat bods. It has neither been found in the 
Amb beds nor in the Katta beds. 



Family : ZAPMREXTIDJf, Haeckel. 

Genus : AJ1PLEXU8, Sowerby. 

1. AxHiSxus, bp. ins. aff. Abichi, Waag. and Wentsel. PL XIII, fig. 7. 

Among the corals from Chitichun No. I there are a few specimens belonging to 
this genus, but their state of preservation is unsatisfactory, and the matrix so 
spathic that their structure cannot be made out well enough to permit of specific 
determination. I must consequently while drawing attention to their remark- 
able similarity to A. Abichi, Waagen and Wentzel (Pal Indiea, scr. xiii. I, p. 903) 
abstain from any identification with previously described species of Ampler**. 

The corallum is simple, subcylindricaL straight or slightly curved, and pro* 
vided with strongly prominent, rounded or imbricating wrinkles of growth, com- 
pletely encircling the corallum. The opitheca is comparatively thin and covered 
with very numerous and dolicate longitudinal stria?. Tho outer walls of the septa 
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show through the opitheca in the shape of thin, straight lamcllte. To a diameter 
of l-l mm. of the oorallum 24 septa correspond. They are short, but their exact 
length cannot he made out in consequence of tho spathic character of the matrix. 
The tabuhc are flatly curved. Tho shape of the oalix is unknown to me. 

The species, to which the present one seems to bo most nearly related, aro Am- 
plexw Abichi (A. coralloides, Abich., Qeologische Forschungen in den Kaukasischen 
Landern, I. Th. Eine Bergkalkfaunn aus dcr Araxcs-Enge boi Djoulfa, p. fc7, 
PI. XI, fig. 10) and A. coralloidt*, Sowerby. The similarity with other congeneric 
species, described by L. de Koninck in his monograph of the carboniferous fossils of 
Belgium and by Stuckenberg in his memoir on the corals and bryozoa of the car- 
boniferous rocks of the Ural and Timan (Mem, Com. Geol. Buss., St F^torsboun;, 
1895, X, No. 3 ) is less close. I do however not venturo to identify my specimens 
any of the two above quoted species, as my insufficient knowledge of their internal 
characters forbids an exact determination. 

Problematic^ : Gen. et sp. ind. . PI. XII, fig. 8. 

Among the material from Chitichun No. I there is a very strange fossil, whose 
determination has puzzled me for a long time. I have tried in vain to make out to 
which class of invertebrates it might belong. Nor have any of my learned friends, 
who examined this curious fossil, arrived at a more satisfactory conclusion. Perhaps 
its true character will be revealed by the discovery of moro complete specimens. 
I, therefore, give its description and figure, notwithstanding the impossibility of 
ascertaining its zoological position. 

The specimen in question consists of a system of root-like appendages, uniting 
with a central ring-shaped body. The root-shaped appendages, which occur to 
the number of five, exhibit a semicircular arrangement and aro fastened both to 
the central main-body and to each other. By reason of their semicircular shape, 
however, they touch each other for a short distance only, and afterwards strongly 
diverge. Triangular spaces are left between tho places, where two neighbouring 
appendages are attached to the body and to each other. Tho appendages 
terminate in sharp points. The largest diameter is about 5 mm. The diameter 
of the central, ring-shaped body attains nearly the same size. The largest diameter 
of the slightly elliptical inner portion, encircled by this body, is about 16 mm. 

The internal structure of the fossil is very peculiar. Both the main body 
and the appendages are divided by deep transverse furrows into numerous segments 
of irregular size. These furrows correspond in the ring-shaped body and in the 
appondages, and unite in the places where the latter are fastened to each other. To 
those deep furrows a very large number of delicate transverse furrows is added, 
which are more distinctly preserved near tho outer margin of the fossil and thus at 
a superficial glance give tho impression of a proper marginal zone, distinguished by 
their presence. This is, however, not the case, but the delicate transverse furrows aro 
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seen to oontinue throughout the entire thickness of the appendages and main body 
wherever the latter arc fairly preserved. 

I first thought that this strange fossil might belong to the Calcitpongite, and 
ought perhaps to be placed in the relationship of Amblgsiphopella radie{fera, 
Waagen and Wentzol (PaL Indica, ucr. xiii, I, PL CXXIII., CXXIV, flg. 1. 
p. 975). This was also Prof. Waagen's view when he first examined the specimen. 
Geheimrath von ZittoL however, one of our most competent authorities on this 
subject, after a close examination of the Tibetan fossil refused to acknowledge the 
possibility of its belonging to the CalcUpongia, and suggested a similarity, though 
rather distant, to crinoid roots. The fact of the specimen being unique forbade the 
use of tbc grindstone. 1 could therefore only prepare a single section of its out- 
lying portions for microscopical examination, but this section revealed nothing 
of the characteristic structure of Echinodermata, although this structure may only 
have boen destroyed by the process of foesilisstion. 

The fossil in question must consequently still be treated as a problematicum. 



8 TRATIG R A P HIC AL RESULTS. 

The fauna of the limestone crag of Chitichun No. I is composed of the following 
species :— 

Ceosticbi. 

1. PhilHp'ia Uuidlevtitti, Diener. 

2. Ckeitopyte liwol<iyr*tU, Diener. 

ClPHiLOPOD*. 

3. SUcketcerat Trimnrti, Diener. 

LiMltLUBRiUCUIlTi. 

4. Ancnlepiettnaf.jabieiui, Weaken. 

BlUCBIOPODl. 

6. Froductm lintatut, Waajj. 



8. 


»• 


Cor; d'Orb. 


7. 


u 


tmirdinlatui, Msrt. 


s. 


» 


W.'w'fwii v»r. Ckitiekitnentu, Diener. 


9. 


II 


tf. $ubco4t a t»i, Weeg. 


lu. 


n 


fntxoiMi, Waag. 


11. 


» 


tancrintfomu, Tschernvtcuew. 


1«. 


ip 


Abiekt, Wiij, 


13. 


M 


mengolicut, Diener, 



1*. Utrjiniftro if fie; 
15. Jt/f/tgei UMicut, Dinner. 
10. Ljttome nohili*, Waag. 
17. Spinfcnua oeiuplicata, Sow. 



so 
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18. Spiri/er nuiaUejUniu, Daudaoo. 



19. 




Wfumi, Waag. 


20. 


» 


libelant*, Uiener. 


21. Uartiuia cf. glair*, Mutt. 


88. 


»• 


tltgant, Diener. 


28. 


» 


■Ma/a, Rotbplctx. 


24. 


'< 


umiplana, Waag. 


ts. 


n 


aenUmargiiulu, Dieitar. 


26. 


*» 


eenlratta, Meek and Wortheo. 



27. RelicmUria linrata, Mart. 

28. ^< V" (Spirigera) RoguU, Uy. 

29. „ ,, eapillata, Waag. 

80. „ „ iub>>zpa*ta, Waal?. 

81. Spirigerella Dtrbiri, Waag. 

82. „ gramdit, Waag. 
88. „ ptfttwi; Diener. 
8*. SnttUtei Tteitrnfteiefi, Diaoer. 
35. Canan/af <iaat>r«s«4>, Beyricli. 

86. Caawfcioiorw PurJoni, Da v. 

87. „ gigantta, Diener. 

88. „ f rawc k.i, Mart- 

39. Htmpljckiua timahfeniii, Da*. 

40. n tpartiplitata, Waag. 

41. „ Wang. 

42. biekuna liplti, Waag. 

43. Kototiyru triplieaUt, Diener. 



46. PtneilelU, ap. ind. 

48. AmbljiipkoneUa, vttUniota, Kod. 



47. AapUtui p. ind. aj. J. Ahiehi, Waag. and Wentx*l. 

48. L<nudaltia iudica, Waagcn and WentzeL 



Altogether 48 species, among which the Brachiopoda numbering 40 species by 
far predominate, both in species and individuals, and comprise five-sixths of the 
entire fauna. 

I ought now to enter into a discussion of tho relations which exist between the 
fauna of the Chitichun limestone and the faunas of homotaxial beds in other 
countries. As however for a comparison of these faunas among each other the deter- 
mination of the upper limit of the carboniferous system is of fundamental import- 
ance, I shall defer such a discussion till the present state of the so-called pcrmocar- 
boniforous problem has boon oxplained. This will be found the more necessary, 
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as Bomo very important memoirs have thrown new light on the subject since the 
geological result* of Waagen's monograph of the Productus limestone fossils were 
published, in consequence of which tho views of this author regarding the correlation 
of the permocarboniferous strata will have to be partly modified. 

The difficulty of correlating tho series of strata intermediate between the typical 
carboniferous and pormian deposits chiefly consists in the fact that an uninterrupted 
sequence of marine beds of both systems was for a long time unknown. In Europe 
the discovery of this sequence is duo to the united efforts of tho Russian geologists, 
whose works have made Central Russia and the Ural Mountains a classic ground 
for the study of the marine development of upper carboniferous and permocarboni- 
ferous beds. 

In Centra! Russia, the carboniferous series is divided into two well definnl 
groups. The lower or Mosoovian stago (horizon of Spirifer mosquentit) contains the 
fauna of Mjatchkowa, described by Trautachold; the upper or Gshelian stage 
(horizon of Chonetei uralica, " ouralien '*) oontains tho fauna of Gshel, which has 
been studied by Nikitin. In the upper carboniferous rocks of the Ural Mountains 
two faunistically different horizons may, according to Tschernyschew, be like- 
wise distinguished: a lower stage (C,) with Spirifrr of. mosqucn*i», and an upper one 
(Cj horiaon of Prodncttu Cora) which in itself is rather manifold but consists 
chiefly of tutu Una limestones. The topmost limestones (Sohwagerina horizon) must 
be placed on a somewhat higher level than tho Gshelian stage, corresponding to the 
8chwagerina dolomites of tlie Oka-Kljasma and Oka-Wolga-basins, which have been 
proved by Sibirzew 1 to overlie the horizon of Choncten uralica (Nikitin's Gshelian 
stage). The Artinskian marls and sandstones conformably overlie- the carboniferous 
rocks. There is no break in the sequence, as has been proved by Tschernyschew 
and Krassnopolssky in a most convincing manner. 

To the Artinskian sandstones and marls (CPg) and to the following limestone- 
dolomite horizon (CPc) the name permocarboniferous has been applied by Russian 
geologists. It is in this senso only that tho term " permocarboniferous " will be used 
in this memoir, as it is the only one which does not inevitably lead to misunder- 
standing. The denomination Artinskian, which has boon proposed by Munier- 
Chalmas and A. de Lapparent ' may perhaps he preferable, as it excludes all mis- 
understandings, but the term permocarboniferous in the meaning of the Russian 
geologist* has been accepted lately by so many authors (e.g., Waagen, Oredner, 
Kayser, Oldham) that I should not like to drop it altogether. 

It is only above these permocarboniferous strata, above tho Artinskian sand 
stones and marls and the limestone-dolomite horizon, that the true " Permian" as i( 
had been understood by Sir Roderick Murchison, follows. 

Karpinsky * and Tsohornyschew, 4 two authors, to whom the most detailed studies 

' jV. 8ibinew.-X(m.C«m. Q*.l. Rum. St. PeVrebour*;, 1890. XV, No.* pp. SS7-M7. 

» JI.«r.CU»« .t / rf, nr U Boauocktar* dw Urntoi .«JiuMmUur<». Boll, Sec. 

0~l Fmnc,, iii. XXI, issS, p. 762. 
' A. iai7'ii"t.*,-Uob« die Ammo*... der AitiB.k-.tafe, Mem. kati. Imp. Sei. St. P.i.r.tk>ttrg. Ut. nxvii, 

p. MI- 101. 

« Mta. Cm. tieuL Km* St. P4t«r.WrR, III. No. 4. 1SW, pp. 8G2-WS. 
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of tbe Artinskian fauna aro due, strongly advocate the distinction of the pennocar- 
boniferous from carboniferous and permian systems, and aro decidedly averse to 
uniting it with either the one or the othor. Tschernyschcw especially strongly 
combats the view of the majority of geologists who proposed to unite the permocar- 
boniferous with the pormian, as a lower division of the system. According to him 
a separation of the pormocarboniferous from the permian system is demanded by 
the general aspect of the fauna, in which the carboniferous types greatly predominate, 
chiefly among the brachiopoda. If it ought to be united either with the carboni- 
ferous or permian system, in spite of its distinctly intermediate position, it must 
necessarily be placed in the former, on the strength both of the carboniferous charac- 
ter of its fauna and of historical priority, since the Artinskian standstone had been 
correlated with tho carboniferous millstone-grit of "Western Europe by Sir Roderick 
Murchison, who first introduced the name of permian. 

Against the first argument the objection may be raised that notwithstanding 
the prevalence of carboniferous types in the Artinskian fauna, the latter "marks a 
very important moment in the history of development of organic remains, namely, 
the first appearance of true ammonites with complicated sutures.'" Nor is the large 
percentage of carboniferous types in the Artinskian fauna an astonishing fact, in 
view of the absence of any break in the sequence of marine beds from the upper 
carboniferous to the true permian strata. Even in beds, which must bo placed very 
high in the permian system, in tho upper Produetus limestones of the Salt Range 
and in the Otoceras beds of Julfa, the fauna contains a proportionately Urge number 
of carboniferous forms. It is to tho faunas of these deposits, the normal representa- 
tives of the pelagic permian, not to the local fauna of the Zechstein, that the permo- 
carboniforouB fauna must bo compared, if we want to get a clear idea of its relation- 
ship to those of the upper carboniferous and permian. Bearing in mind the gradual 
passage from an upper carboniferous to a permian fauna through the intermediate 
group of rocks, tho question to be answered is, which consideration is of the greater 
importance in defining the boundary between the two systems, the appearance of a 
new group of cephalopoda, which become of an unparalleled stratigraphical value 
in mesoxoic times, or the presence of a belated fauna, composed of forms which are 
generally not well adapted for the characterisation of narrowly limited horizons. 

The majority of geologists have decided in favour of tho first alternative. 
Gumbel,' Krassnopolssky, 8 Kayscr, 4 Waagcn/ Credner,' Munier-Chalmas and A. 
de Lapparent, Freeh — to enumerate only a small number among them, — are unani- 
mous in regarding the permocarboniferous as the lowest division of tho permian 
system. 



A discussion of the permocarboniferous problem from a historical point of view 



1 J. KarfHulry.—kie. tit. p. 101. 

> C W. Gimiei.-fioolctf. to. B.j«rt>. Kutti 1888, 1. Hl p. «$*. 

» A. Sn,„n..fl.,t!,,-X4n. C«n. Gool. Run. St. P«*T»bo U Tg, XL No. 1. p. 606. 

• K A\v<r, U.H Wh drr gvokiKwK.n Foruati.mskwU. 8tntt)t»rt, 1881, |>. 157. 

• If. IK.,.,,„.-P»'. Ind.m, «r. itii.&dt Binge Pcih. IV. Oeologind Brtolta, f 238- 

• a CW,.r,-E en.«te d« (i«d»gi., 7. A.O., Upiig. 1891. Mi. 



* 




8TRAT1GRAPIIICAL RESULTS. 89 

i 

leads to a similar result. This side of the question has been especially treated by 
Freeh, 1 whose reasoning I consider to be entirely justified. 

Sir Roderic Murchison, it iB true, did not include the Artinskian deposits in 
his permian sjutom, but on the other hand, his correlation of these deposits with the 
carboniferous millstone-grit is decidedly erroneous, and its priority cannot bo res- 
pected. In the Rhenish regions, whero the sequence of terrestrial and lacustrine, 
plant-bearing strata of this epoch is most complete, the truo coal measures come to 
an end with the Ottweilor Sohichton, whereas the following sories of rocks compris- 
ing the Cuseler and Lebacher Schichten, hare been united in a lower division of the 
permian system by QilmbeL In the Carnian Alps plant-bearing beds, containing 
a rich tlora of the Ottweiler 8chichton s alternate with Fusulina limestones, which 
have boon proved by Schellwien* to be homotaxial with Nikitin's Gshclian stage 
in Central Russia. As has been noticed by Geyer,' this alternating series of dark 
Fusulina limestones and plant bearing beds is conformably followed by a compact 
mass of white Fusulina limestones (Trogkofelkalk) containing Spir'fer mjfamot- 
quensi*, Nikitin, which must be corelated with the topmost carboniferous Fusulina 
limestones (Schwagerina horizon) of the Ural Mountains. The homotnxfa of the 
Ottwf iler Schicbten and of the Carnian Fusulina limestone, which itself corresponds 
in age to the uppermost carboniferous beds of Central Russia (Gsheliau stage) and 
of the Ural (Cora horizon, and Schwagerina horizon), apparently requires the 
boundary line between the two systems to be drawn immediately above the Schwa- 
gerina limestone of the Ural and Timan, and below the Artinskian stage. 

A particular view of the permocarlxraiforous problem has been taken by 
Rothpletz 5 who hints at the probability, *' that the permocarboniforous may not 
represent a distinct stratigrahieal stago, but merely a particular facios, which is 
entirely wanting in Western Europe, was confined to the commencement of tho 
permian opoch in Russia, but lasted throughout tho whole of tliis epoch in some 
parts of Asia and North America. " 

I quite agree with Rothpletz in his statement that the normal sediment* of the 
ocean, which covered parts of North-Western India, of Contral Asia and of Rus>ia, 
in the commencement of the permian epoch (Artinskian stage) must for tho later 
stages of thia epoch bo looked for in the upper Productus limestone of the Salt Range 
and not in the Zechstein nor in Murchlsoo's " permian system " of Russia, but I 
cannot understand why this view should bo inconsistent with tho character of tho 
Artinskian deposits as a distinct stratigraphical horizon. A correlation of the pormo- 
carboniforous horizon proper with higher stages of the permian system cannot be 

' P. Frtch.— Die KurniMbm Alp»D, Halle, 1HW, p. 867. 

» B. -$«««#.— D»i Anllitx ict Erie II. BJ.. p. 3oi : B. StitUrUn, Di« F««t>» d« K»rni«ohi>ij Fumlinwi 
k.lk* I. Th. PilaODUvmpUm XXXIX. IS92. p. 1 ; F Fr«h, D« Kirni.cl.eu Aipen, HUl,, 18M. 
pp. 309-32S. 

* E- SrktUmtH.—leW.Kte. Deutaeh. Geol Cm., 1S01, p. 7a 

' O. Qtytr. — Cellar die Ueol.-ijriiKihim Yor)iallni*an im PonUfoUr Abt-'bnitt der Kfcrniacbim Alpm, Jahrb- 

K. K. Geol. Rei..lif -Ahrtalt. lBUli, 111, 11]., p. 150. 
1 A. BvthpUls, Die Peru Trian nail Jiu»-ftwm»lion *aS Timor sod Rutti PalzratocrnpMci, XXXIX, 1432. 
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admitted, seeing tho difference of their ccpbalopod faunae. Ammonites 'with ceratitie 
sutures are absent in tho Artinskian stage. Their presence is barely less character- 
istic of the younger horizons of the permian system, than the first appearance of 
more highly developed Ammonoidea, is characteristic of tho permooarboniferous 
stage. Rock-specimens like the one described by E. v. Mojsisovics (Denkscbr. K. 
Akad. Wiss. "Wion, math nat CI., LXI, 1894, p. 458) from Stoliezka's collections 
near Woabjilga (Karakorum Pass), in which ammonites with goniatitic, ceratitie 
and ammonitic sutures arc mixed together, have up to now never been found in 
strata geologically older than the pelagic permian of India or Julfa, 

In Russia tho marine deposits of the Artinskian stago aro overlaid by Murchi- 
son's a pormian system," a sequence of brackish, freshwater and marine sediments, 
with an impoverished fauna, 1 which cannot be considered as the normal Bcdiments 
of the permian epoch. This remark applies equally to tho local development of the 
German Zechstein or of the British magncsian limestone. The pelagic equivalents 
of these deposits must be looked for iu tho permian rocks of tho Mediterranean 
region in South-eastern Tyrol, Sicily and Armenia, of the Pamirs, of India and the 
Malayan Archipelago, of North America and probably also of Spitzbergen and the 
neighbouring islands. These sediments are proved both by their pelagic faunas and 
by their wide distribution within tho Jhetys' and the Arctic-Pacific region to be tho 
deposits of the great permian oceans and consequently the normal sediments of the 
permian epoch. 

In the Mediterranean region throe different rock groups havo yielded fossil 
remains of this pelagic development of tho permian epoch. Those rock groups are 
the Fusulina limestones of the valley of Sosio in Sicily, the Bdlerophon limestone of 
South-eastern Tyrol and Friaul, and the Otoceras beds of Julfa in Armenia. All 
' of them are of a rather isolated occurrence and, as far as one may judge from their 
faunas, of different age. 

The lowest position is apparently held by the Fusulina limestono of Sicily. Its 
oephalopod fauna seems to be more nearly related to the Artinskian one than to those 
of the Jahi bedB of the Salt Range or of the Otocoras bods of Julfa. Ammonites 
with ceratitie sutures are yet absent. Aooording to Karpinsky's statement, one 
species of Medliccttia is identical with an Artinskian form, ten more species are 
very nearly allied. On the other hand Karpinsky and Waagen noticed the first 
appearance of Waagewxterat and Eyattocera* in Sicily, two genera, which show a 
much more complicated sutural lino than any of the Artinskian Ammonen. 
Waagen consequently places tho Fusulina limestone of Sicily on a higher level than 
the permocarboniferous stage, but on slightly lower level than the Jabi bods of the 
upper Productus limestone. A more exact comparison of the Sicilian and Salt 
Rango faunas will only be possiblo after the publication of Gemmellaro's monograph 
of tho Brackiopoda from the Sosio limestone, as no oephalopod fauna is known in 
the Salt Range below the Jabi beds. 

» tT. J««f«iy-Th« permko qr.Ua> in tb. OV-Wslg. Wo. 1SS7 ; K 8iiir$,w. IKm. Com. G«ol. IU-. 

St. P<t«.b«.T g . XV. No. ». n,. 847-S65. 
• S. *««-N.t.nJ 8«i««, V«]. II, No. IS. AUreb 1891 
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The Otoceras beds of Julfa with their strongly marked triassic affinities mast 
certainly be higher in the upper palceoioio series than the Fusulina limestone of 
Sogio. Thoy cannot be much different in age from the Otoceras beds of the 
Himalayas, although the latter certainly hold a somewhat higher stratigraphies! 
position, and they may consequently be placed on a level with the upper Froductus 
limestone or with the Chidru group of the Salt Range. 

Tho youngest of the three rock groups is probably the Bcllerophon limestone 
of South-eastern Tyrol. Its fauna is a very peculiar one, species identical with 
those known outside this rook group being almost completely absent. The pre- 
dominence of pahcozoic types induced Staohe 1 to fix the homotaxis of these beds 
as upper permian, whereas G umbel supposed them to bo of lowest triassic age. 
I have quite recently succeeded in discovering an interesting fauna of these beds 
in the valley of Soxten, containing tho first ammonites and Orthoeerata hitherto 
known in this horizon, which are rathor in favour of Stache's view. 

In nono of these throe permian rock groups of the Mediterranean region is a 
normal sequence of marine beds exposed, with the possible exception of the 
Bellerophon limestone of the Carman Alps, which, however, is underlaid by an 
enormous mass of unfussiliferous limestones and dolomites. Their correlation must 
consequently be based on palsBontolosrioal evidence alone. 

The second rogion, in which a gradual transition of marine beds of the carboni- 
ferous and permian systems has been observed, is the central and south eastern 
portions of the United States of North America. In the typical sections of Kansas 
and Nebraska a gradual passage from tho upper coal measures to the higher beds, 
with a fauna of a permian aspect, has been noticed, but tho question, where the 
boundary between the two systems ought to be drawn, still remains to be settled. 
A very able paper by H. S. WiUiams, * in which tho present state of the permo- 
carboniferous problem in America is exposed, has demonstrated that this question is 
still an open one. " In tho first place the formations themselves are not delimited 
on tho samo basis in different provinces, and secondly the fossils have been reported 
under so many diff orent names, that a thorough revision of the Bevoral biologic 
groups is necessary, before the various lists prepared can be scientifically correlated." 

A cephalopod fauna of a permian type lias been described by C. White* from 
the Baylor and Archer counties in Western Texas. Of the five species of ammonites 
composing this fauna, JUedhcottia Cope*, Sgalelocera$ Cummin si, and Popanocera* 
JPalcolti&re very nearly allied to Sicilian forms, whereas Popanoeeraa Parkeri, Heil- 
prin, 4 and Paralegocerat bayloretue' exhibit a near relationship to Artinskian species. 

1 O. Stick*,— Brilrige isr Fiona in Btltcrophrokilke E&dtirole, Jabrb. K. K. G«ol. B»»b*-An«l., Wi*a 
1877, XXVII. pp. *71-31S;1S78, XXVIII. pp. 9S-IAH. 

• ComUtioa Piped, Daroaian and Carboaifaroan, Bull. V. 8. Oaol. ftamj, Washington, 18»1, No. 80. 

pp. 193-212. 

• C. WJI.O.-Tbo T.iub Permiaa and iu meuuie tjpw of foatfo, Boll. U. B. Q*ol. Sarr.. WaahJnftott, 1891, 

Na. 77. 

• ft*. Wl. Nat. S«« B0 m. Philadelphia, 1887, VXXXTI pp. 63-M. 

' Q»ni*tit*t Baylortntit, Whit*. From its general tbapa and t* the character of the animal Uaa thin form 
probably belong! to Hwtt'e g«nu* Faraltf octroi. 
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A third region, distinguished by an uninterrupted sequence of marine beds 
reaching from upper carboniferous strata through tho permian system, is the Salt 
Range in the Punjab. 

This sequence begins with the Amb beds or lower Product us limestone. The 
stratigraphical relations of the Amb beds to the glacial boulder beds and to th« 
Eurydetma sandstones with their Australian affinities aro yet doubtful, as has been 
stated by Noetling in a recent paper on this subject. 1 The Productus limestones 
however are quite conformable to each other, and it is only botweon their top- 
most beds (Chidru group) and tho next overlying lower Ceratite limestones, that 
a break io the sequence lias been suggested by TVaagen. 

Tho following classification of tho Productus limestone series has been adopted 
by Waagen:— 

r Ctmtru bed*. 
Upiwr Produotui Limestooe. J Jabi beds. 

( Kliund Gbkt bed*. 

f Kalalmgh bed*. 
Middle Produotus Limestone 4 \irg») bed*. 

(.Ktttu bed*. 

Lower Productus Limestone. Amb bed*. 

This clarification has been slightly modified by R. D. Oldham,-* who proposed a 
separation of the Chidru group from the rest of tho scries and a separation of tho Katta 
beds from the middle Produotus limestone. I did not however think it advisable 
to follow Oldham's second proposal, as the different meaning of the terms " lower " 
and "middle" Produotus limestone in two memoirs of tho Pahoontologia Indica 
would bo confusing. I consequently deemed it preferable to accept Waagen's 
classification, but to unite the Virgal and Kalabagh beds into an upper division 
of the middle Productus limestone, thus marking the faunistio contrast between 
this rock group and the underlying Katta beds. 

There can be no doubt as to the pcrmian age of the Chidru group with its 
peculiar bivalve fauna, and of the upper Productus limestone The homotaxis of 
the lower divisions of the Productus limestone series is however uncertain, and some 
difference of opinion exists regarding tho correlation with upper palaeozoic strata 
outside India. 

Waagen believed tho ontiro Productus limestone series to be permian. He 
correlated the lower Productus limestone and the Katta beds with the Artinskian 
stage of Russia, considering thorn as permocarboniferous. To this correlation he 
was chiefly led by tho supposition of a stratigraphical break between the upper car- 
boniforous and porraocarboniferous beds of the Ural Mountains, filled up, as he 
believed, in tho Salt Range by the glacial boulder bed and by the Enrydema sand- 
stones. This view has become untenablo, since in tho Ural and Timan the con- 

1 F. y»tlling, Biitrig* xur KeontaUo in OUci*l«n SchieUUa ptrmUcbsn ALUM in d«f S*lt Rug*, N»a« 

J»hrli«.ch, im, hi. II, pp. «l-8fl. 
> A M.o»J of tt>. QmIokj ot Inih. Sod tditioa. b T S. D. OtMam, C*WU, 1803, pp. Ui 1S3. 
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tinuity of the sequence of marine bods from the horizon of Productu* giganteut 
(mountain limestono of Western Europe) to the Artinskian stago baa been proved by 
the geologists of the Russian survey in a most convincing manner. On the other 
hand, the recent memoira of Nikitin, Schcllwien, Tsohernyschew, Sueas, and Sibirzew 
tend to show that the number of carboniferous types in the Productus limestone 
is considerably larger tban had been anticipated by Waagen. 

The species from the Productus limestone, identical with those of upper car- 
boniferous strata in other countries, are the following :— 

PraJuctut Cora, d'Orb. Spiri/tr alatut, Scliloth. 

„ lU'at**, Waag. Rtlieularia liatala, Mart, 

tem>mic»lat«,, Mart. Slariinia glabra, Mart. 
indicn; Waag. „ temiplana, Waag. 

„ opualia, Waag. 8pir\ferina ocloplicata, Sow. 

„ tplrala, Waa<j. „ ortiaU, Waag. 

Orihotkftft tcmiplanut, Waag, Alkgrit Pogttii, Lev. 

Ortkit Ptcmii, Maroou. Rrt:ia {Eumrtria) gramlicotla, Waag. 

Derbga granJU, Waag. Camarnpi/iria PurJoiti, Dav. 

E«l<lcUt Kafteri, Waag. Hicktho/rnia tint «»:'*, Waag. 

Spiri/tr mutaiirglfatit, Dav. Futnliu* (ongittima, Moll. 

„ ttrialut, Mart. SUnopora crata, Lonsd. 

„ Aliirwi, Waag. FetKitdla perelrgant, Meek. 

To these 2G species the foUowing nine may be added as doubtful ones : — 

Produdut grafiotn$, Waag. Alkyrit peetiniferB, Sow. 

„ HumbuUiti, d'Orb. Sielatma elougatum, Schloth. 

Slnptorkgnekvt pelargonatit, Schloth. lyttonia Ricklkcfeui, Kavaer. 

Orihit imlica, Waag. Orlkoeerat cydopkerum, Waag. 

Aviculopecle* dertjaterttit, Waag. 

In all 33 species. It only needs a comparison of this list with that given 
by Waagen on p. 103 of his " Geological Results " (Palaxmtologia Indica, sor. xiii, 
Vol. IV) to prove the carboniferous affinities to bo much more strongly marked in 
the Salt Range Productus limestone, than could be anticipated by this learned 
author. 

The affinity of the fauna of the lower Productus limestone to those of the 
Gshelian stage of Russia, of tho Cora and Schwagcrina horizons of the Ural Moun- 
tains and of tho Carnian Fusulina limestono induced Rothplotz (loo. cit. p. 63), 
Oldham (loo. cit. p. 125) and Freeh (loo. cit. p 372) to correlate tho lower Productus 
limestone with upper carboniferous rather than with pcrmocarboDiferous beds. E. 
Suess, 1 after a careful examination of the upper carboniferous fauna of Tongitar 
(southern slopes of Tian-shan) likewise agrees with the above mentioned authors in 
the opinion, "that tho entire Productus limestone forms a series, which cannot be 
separated from tho carboniferous system, and that the Futulina bearing Amb beds 
certainly belong to tho latter, although their correlation with tho Gshelian stage 
may yet remain questionable. " Noetling in his preliminary noto on the glacial 
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boulder beds of the Salt Range takes a different view (loc. cit. p. 84), considering 
these bods as well as tho entire Product us limestone series as permian. But from 
a palteontological point of new a correlation of tho Amb bods with upper carboni- 
ferous strata appears to be more adequate to their faunistic character. 

The fauna of the lower Productus limestone (Amb beds) consists of 58 species, 
allowing an exact determination, 42 of which do not extend into higher strata but 
give to this division its peculiar aspect. It contains altogether sixteen species 
identical with forms found also in upper palteozoic rocks of othor oountries. All of 
thorn occur in upper carboniferous beds, but only twelve extend into permo- 
carboniferous strata. This proportion is in favour of a correlation of the Amb beds 
with deposits of an upper carboniferous age. 

The middle Productus limestone of tho Salt Range has been considered as 
homotaxial with the pormocarboniferous beds of Russia (Artinskian stago) by 
Tsohornyschcw. Wangon howover admits this homotaxis for the Katta beds only, 
but correlates the Virgal bods with the permian limestones of Kostroma, " which 
are on a lower level than the great bulk of permian bods as exposed in Perm and thus 
are intermediate between the pormocarboniferous beds of tho Ural and the typical 
permian strata " {loe. cit. p. 194). The palaxratological evidence is more in favour 
of Tschernyschew's view, wiiich has been accepted by Rothpletz (loc. cit. p. 63). 

Among tho brachiopoda of the upper division of the middle Productus lime- 
stone (Virgal and Kalabagh beds) seven species only wore known to Waagen as 
identical with upper carboniferous forms. By more recent investigations this num- 
ber is now increased to seventeen. Among the Artinskian brachiopoda, as enu- 
merated in Tschernyschew's tabular statement seventeen are identical with Salt 
Range types. Eight of tliom are ubiquitous ranging from upper carboniferous 
into permian strata. Of the remaining nine species two are restricted to the Amb 
bods, 1 to the Amb and Katta beds, 1 to the upper division of the middlo Produc- 
tus limestone. One extends from tho Katta beds into permian strata, one from the 
Amb beds through the entire thickness of tho middle Productus limestone, four 
are restricted to the upper division of the middle Productus limestone and to the 
upper Productus limestone. Excluding tho ubiquitous species, which cannot be 
considered as leading, the distribution of identical species is as follows : — 

± / Upper Producing Limestone : 4>. 
\ Virgtl and Kalabagh beda : 6. 
(-KstU beds: 8. 
J. Amb beds : 4. 

It will be soen from this tabular statement, that there is no sufficient reason 
for correlating the Artinskian stage with tho Katta beds only, but that equally 
strong faunistic affinities exist between the Artinskian brachiopoda and those of the 
upper division of the middlo Productus limestone. 

There is no doubt that this statistical method of correlation is open to grave 
objections, as the admixture of a few species only would suffice to influence tho 
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result considerably. It must be borne in mind that a comparison of the fauna of 
the middle Productus limestone with that of Artinsk is the more difficult, as 
no oephalopods are known from this Salt Range horizon, and wo therefore 
must rely in our correlation almost entirely on brachiopoda alone, " which very 
generally do not keep strictly to an exact geological horizon and therefore can be 
used only in rare cases as reliable documents for the identification of a narrowly 
limited geological stage or zone. " "What I wanted to provo by this statistical 
method, is merely the fact, that there exist strongly marked affinities between tho 
faunas of the Amb bods and of tho Russian and Carnian upper carboniferous strata 
on ono hand, and between tho Artinskian and middle Productus limestone faunas 
on the other. 

In the present state of our knowledge, the following modifications of 
Waagon's correlation of the Productus limestone series appear to be required. 
The lowest division of the uninterrupted sequence of marine bods, known as Pro- 
ductus limestone, is probably homotaxial with the topmost carboniferous strata in 
Europe. The equivalents of the Russian pennocarbonifcrous horizon (Artinskian 
stage) must be looked for in the middle Productus limestone, but the question 
whether tho boundary between tho pormocarbonifcrous horizon and the liigher 
stages of the permian system ought to be drawn above the Kalabagh beds, cannot bo 
answered, until oephalopod faunas have been discovered in ono of the divisions 
of tho middle Productus limestone. 

The rich development of permocarboniferons or permian strata of a pelagic 
type in the Arctic region (Spitsbergen) is too little known to allow any exact cor- 
relation with the subdivisions of the anthracolithic system' in other countries. 

The correlation of tho permian deposits of a pelagic fades, according to the pre- 
sent state of our knowledge, is shown in tho tabular statement on p. 105, it is, of 
course, only approximate, and in many instances yet open to grave doubts. Never- 
theless I beliove it to elucidato moro clearly my views on this subject than would be 
possible in the text. In this tabular statement only such deposits have been 
admitted, whose correlation can be based on the presenco of fossil remains. The 
Zechstcin or magne&ian limestone development of tho permian system have been 
purposely excluded, because they do not represent a pelagic typo of this system. 

Having explained tho present Btate of the permocarboniferous problom, I may 
enter now into a discussion of the relations existing between the fauna of the lime- 
stone crag of Chitichun No. I, and the faunas of homotaxial beds in other countries. 
This subject is so much more the important, as a determination of the geological age 
of tho Chitichun limestone must be based on pahcontological evidenoe only, the 
limestone crag itself exhibiting no stratigraphical connection with the surrounding 
bods. 

It will be found convenient to treat each class of fossils separately, although 

> I Doubter tbi, tor*, which h» bw popped bj Wttgw (he. cit., p. «41) wry fit for unHiag tb. rar- 
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the palffioiitologioal evidence must chiefly rely on the brachiopoda, which by far 
predominate over all the rest of organic remains. 

The two pygidia of trilobites can be of but little service for the identification of 
the geological horizon of the Chitichun limestone One of them, Cheiropyge kitna- 
layentit, belongs to a now gonus. The second, Phillipsia Middlemini, may be 
compared to types, which have been found in upper carboniferous and perrao- 
carboniforous beds of other countries. Karpinsky {he. cit. p. 101) considers the 
Artinskian stago as a period in the history of development of organic life, charac- 
terised probably by the appearance of the last trilobites, which do not extend into 
higher pcrmian strata. The geologically youngest trilobites have boon discovered 
in the permian Fusulina limcstono of Sicily, but their absonco in tho permian rocks 
of India and Armenia is perhaps only accidental. Nevertheless tho presence 
of trilobites in tho Chitichun limestone corroborates the evidence adduced by the 
character of the entire fauna, that it does certainly not correspond to a higher level 
than to the permian of Sicily. 

Tho discovery of Stacheoceras Trimurti is of the highest geological importance. 
Up to now ammonites of this subgenus have never been found of an older than por- 
mocarboniferous age, whereas they are among the most common typos in permocar- 
boniferous and permian strata of a pelagic facies. The occurrence of this species 
in tho Chitichun limestone, in correspondence with other evidenoo, clearly proves 
this limestone to bo of a younger than upper carboniferous age. 

Five sixths of the entire fauna of tho limestone crag of Chitichun No. I is 
composed of brachiopoda. Among them the Productidee and Spirifer'nlre are about 
equally strongly represented, whereas the LyltwiUUe, PorambonUidw, Rhyncho- 
uellida and Terebratulida are represented by comparatively few forms. 

The following eight species of brachiopods are peculiar to tho present fauna and 
have not yet been found outside the crag of Chitichun No. 1 : — 

Julotte/rt HMieu$, Dicner. 
Spiri/er tiMaitm, Dieaer. 
Martiaia elegant, Diener. 

„ ae*tomar>jinalt», Dinner. 
Hpirigetella pertumila, Diener. 
Enteltttt TtcArriificlrffi, Dienpr. 
Cavutroptoria gija*lta, Dienrr. 
Salcliyrit triplieata, Diener. 

To this list Productut bolivieieusis var. chitiahuueneit, Diener, ought perhaps 
to bo added, though its identity with a species from Timor is rather doubtful. 

All the rest of species (31) are identical with forms that have been previously 
described from other countries and localities, although the exact age of tho beds in 
which they occur has not everywhere been fixed with sufficient certainty. 

The region, which is geographically least distant from Chitichun No. I, and in 
which the richest development of approximately homotaxial beds has hitherto been 
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made known, is the Salt llange in the Pnnjab. The relations of the fauna of the 
Salt Range Froduetus limestone and of the Chiticbnn limestone are very close. 
Twenty-six specios of brachiopoda are identical. The greatest number are such 
forms, as occur in tho upp'T division of tho middle Productus limostono O'irgal an< * 
Kalabagh beds). These species are the following : — 

P'ofactut liteatttt, Waiigrn. SpiriyertUa Dtrbyi, Wug. 

„ Cora, d'Otb. „ grandit, Waag. 

„ cf. nbcMttt**, Wang. Alkyrit Royuii, L£v. 

„ $r«tio$m, Wug. „ tuiexpanttt, Waag. 

„ Jbieki, Waag. „ eapiUala, Waag. 

Mergixiftra typica, Wang. Vueinnlut timormu, B«yr, 

lyltouia mebitit, Waag. Camitrepkorit Purdoni, Dav. 

Spiri/erina oct-oplieaia, Sow. Ditlotma bipUx, Waag. 

Spiri/er *>u*<tkktflt»H*, Dar. Bmiptyekina iparnptieata, Wuj. 

„ Wynne*, Waag. „ kimalayentit, Dav. 

Mar'.in'a tmipla*a, Waag. • „ infiata, Wang. 

Kafotkyru tulvesieularu, DaT. 

Of these 23 species, more than half of the entire brachiopod fauna of Chiti- 
chun No. I, tho following four do not extend into higher strata :— 

Spiri/tr Hyatei, Wang. 
M rtioia fmipUna, Waag. 
Ititlatma liplex, Waag. 
liemiptyekina *par$iptie*ta, Waag. 

All the rest occur also in tho upper Productus limestone of tho Salt Range 
but there is not a single species of the upper Productus limestone identical witb a 
Chitichun form, which does not also occur in the middle Productus limestone. The 
affinity of tho Chitiohun fauna consequently appears to ho more intimate with that 
of the middle than with the upper Productus limestone. This evidence is corro- 
borated by the occurrence of a small number of spocics identical with such from the 
Amb beds and Katta beds, which in the Salt Range do not extend into higher divisions 
of the Productus limestone series. These species are the following 

Troductnt umireiiculatut, Mart. 
Retieularia lineata, Mart 
Marlinia cf. glabra, Mart. 

On the other hand, there arc among the Chiticbun brachiopoda only ten 
identical with species from the Amb beds, and nine with those the Katta bed*. 
Nor is there ono of the three above quoted species, which could be considered 
as characteristic of a distinct geological horizon. This distribution of identical 
species indicates a homotaxis of the Chitichun limestone with the upper division of 
the middle Productus limestono (Virgal and Kalabagh bods,) in the 8alt Range. 
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With upper carboniferous beds of Europe (Carman Alps and Russia) tlie Chiti- 
ohun limestone haB ten species of brachiopoda in common. These are :— 

Product** lineatui, Waagen. 

„ Cora, d'Orb. 

„ ttnirtiic*U>t*s Mart. 

„ eancriniformit, Tacbarn. 
Spirifetiua octoplieaia, Sow. 
8piri/er mutakktplttuit, Dav. 
Rctieularia liiuata, Mart. 
Martinia glalra, Mart. 

„ umiplana, Waag. 
Alkjrit Itoy**ii, L^v. 

There is not a single form among them, which is restricted to carboniferous 
deposits and does not extend into higher strata. 

The two species of brachiopoda in the Chitichun limestone which hare hitherto 
been found in carboniferous Btrata only, are Produoltu momjolicut, Diener, and 
Martinia contractu, Meek and Worthon. 

Product** mongolian is identical with a spocies from Loping in China, which has 
been described as Prod. cf. cora by Kayser, and has been compared to P. comprtt- 
$us by Waagen. The fauna of Loping is distinguished by a rather mixed assem- 
blage of forms, notwithstanding its well marked carboniferous aspect. The question 
may therefore be raised, if P. mongolian with its strong affinities to the permian P. 
comprenut does not form part of the small fraction of permian typrs, which, like 
Slrophalotia horretetm, Vcrn., are in this fauna mixed together with carboniferous 
species. 

Martinia contract a has been quoted from the Chester group of the lower car- 
boniferous series of Illinois, but it belongs to a group of forms, which are but very 
little adapted for the identification of geological horizons. I need only allude 
to Martinia plaaoconvtxa, Shumard, which extends from devonian into permiar 
strata without any variation 1 . The presence of this Bpccios, therefore, cannot influence 
the evidence afforded by the general character of the fauna. 

The relations of the Chitichun fauna to that of the Artinskian stage are more 
intimate than those with the faunas of any of the carboniferous stages of Russia. 
The following twelve species can probably be quoted as identical with Artinskian 
ones : — 

Product** lintatut, Waag. Bfirtftr mutakktyl, H tu, Dav. 

„ Cora, d'Orb. „ W S nnei, Waag. 

%t temireticulaltu, Hart. SeiieuUtria tintata, Mart 

„ cancrimi/orviu Twhern. Martina temiplaua, Waag. 

Marfiaiftra tjpica, Wug. Jtkpri* Royuii, Lev. 

bpiriftrina octoplieaia, Sow. Camarapkoria Pardoni, Dav. 

The nearest region to the Punjab and to Hundes, in which beds correspond- 
ing exactly in age to the Artinskian stage have been found, is Darwaa, In 
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a rock-specimen brought from this country, five species of ammonites were 
discovered by Karpinsky, 1 two of which are absolutely identical with Artinskian 
forms. 

The permian rocks, collected by Stoliczka near Wodbjilga (Karakorum Pass), 
contain ammonites with oeratitic sutures recalling of Zenoditcu*, Waagen, and 
must consequently bo placed on a higher level than the Artinskian stago or the 
Fusulina limestone of Sicily. 

There is yet a third rock-group in Central Asia, which is perhaps of permian 
age This is a bracliiopod- bearing limestone, which was- discovered near the Gussass 
river (Western Kuen-Lun) by Bogdanowitsch. To the species, collected in this 
limestone by the Russian geologist and described by Pre eh (loc. tit., p. 46 1) Productu* 
ancriniformi*, Tschern., must be added. The limestone unconformably overlaps all 
the geologically oldor beds including the upper carboniferous strata of the 31 os- 
covian stago with P. semireticulatus. Whether tho OuBsass fauna ought to be 
correlated with the Cora horizon of the Ural rather than with any permian stage 
cannot be asserted, as P. cancriniformu, the only characteristic fossil, ranges from 
the carnian Fusulina limestone of upper carboniferous ago into permian strata. 

The affinities of the Chitichun fauna to the hitherto known carboniferous and 
permian fauna of the main region of the Himalayas are considerably less distinctly 
marked than those with the Salt range or Artinskian faunas. 

In my monograph of the Productus sliales fossils (Pt. TV of the present 
volume) 1 have laid a special stress on the strongly marked difference between the 
bracliiopod faunas of the Chitichun limestone and of the Produotus shales of Pain- 
khanda and Johar, which, on the evidence of their intimate stratigraphical connec- 
tion with the triassic Otoceras beds, must be correlated with higher stages of the 
permian system rather than with the pormoearboniforous horizon. The detailed ex- 
amination of tbe brachiopoda in the collection from Chitichun No. I has confirmed 
ray Tiew. Five species only are identical in the two rock groups. These are :— 

Produettu canerUiformu, T«cboru. 
Spirifer mmaUtfte*ti$, D»vids. 
Martinia tf. glabra, Marti 
Spirigertlla Dtrbyi, Wiiag. 
Alhjrtt Hetuii Lev. 

There is none among them, with the sole exception perhaps of Spirigerella 
Derbyi, "Waag., which is characteristic of a distinct geological horizon, and we might 
count these species just as well among the forms identical with upper carbonifer- 
ous, permoenrboniferous or truly permian strata. The presence of a large number 
of Producti of a distinctly pormo-carboniforous type gives a more ancient aspect to 
tho Chitichun fauna. 

A comparison of the Chitichun fauna with that of the upper carboniferou s 
rocks of Kashmir will not be possible until the latter haB been studied in detail. It 
is, however, apparent, both from Davidson's descriptions and from a superficial ex- 

' Verhudltn. K. Bum. Minewleg. OmflitK, Bt, PoUnbmx XVIII, p. 212. 
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amination of the fossil materials from Kashmir entrusted to me by the Director of 
the Geological Surrey of India, that the affinities between the two faunas are rather 
distant, only less close probably than with the Amb beds or with the upper carboni- 
ferous strata of the Carnian Alps and of Russia. In the fauna of the Hants beds 
of Kashmir there are distinct indications of Australian affinities. In the Chitichun- 
fauna not the slightest trace of similar affinities to Australian carboniferous fauna 
has been noticed. 

I cannot point out any beds in the main region of the Himalayas which, with 
any probability, could be placed on a level with the Chitichun limestone. The white 
crinoidal limestones, which Mr. Hughes 1 discovered some twenty years ago, some- 
where to the north of Milam in the vicinity of one of the frontier passes leading into 
Hundcs, may perhaps hold a similar geological position. Of the fossils collected by 
Mr. Hughes the following have been determined by Prof. Waagen : — 

Prod»el»t itmirttitvlat**, Mart. 
Lgttonia tp, i*d. 
llarlmia cf. gUirt, Mart. 
Alhyrit Hof$ni, Lev. 
Hemipttckina kimalaytttit, Dav. 
Jfole/kjrit lubcetiewlaru, Dav. 

All these species are also represented in the fauna of Chitichun No. I, but among 
them Notothyri* tubvericulari* alono is fit for an approximately exact determination 
of the geological ago, being restricted to the upper division of the middle Productus 
limestone and to the upper Productus limestone in the Salt Range. Regarding the 
small number and the rather indifferent character of the rest of species, a correlation 
of these crinoidal limestones with the Chitiohun limestone would not bo advisable, 
if only based on the evidence of this single fossil. On the other hand, it is not 
at all impossible, that the fossilB collected by Mr. Hughes during his shooting tour 
from Milam to Laptal encamping ground, have been brought from the crag of Chiti- 
ohun No. I itself or from one of the neighbouring crags. This explanation is the 
more plausible, as Mr. Hughes probably went to Laptal by the Chitichun area, his 
Milam Pass being certainly not identical with the TJtadhura which he specially 
mentions in Ids report as a different pass. 

With the upper carboniferous beds of Loping the Chitiohun limestone has but 
very few species in common. These are the following :- — 

Product™ temirelienlafu; Mart. 

„ mongolteut, Dieoer. 
Stticularia lineata, Mart. 
Martinia ef. glabra, Mart. 

' 2*. W. Eight* tad W. Waagen, Net* go i trip cr«r th* MQun Paw, Kubmo, Baconb Gaol. Survey of India, 
XI., IS78, p. lSi-187. Too locality, where Mr. Hoghe* diocorercd the** foulliferoue HmMtonoo, cannot to made u*it 
•iMtly from hie description. No timikr bed* bare bees noticed by Grieabaeh in tbo main MdiiiuaUry belt of th» 
Centra) Himilayat to the north of M1W 
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There are however other beds in South-eastern China, which seem to approach 
more closely the Chitichun limestone in their geological age. These are tho beds of 
Yar-ka-lo, discovered by Desgodins. From this locality tho following species of 
brachiopoda have-been quoted by Loczy 1 : 

Pf*d»cltu t(mirttie*lat*t, Mart. 

„ cf. sto6rie*l**, Mart. 

„ kiangtieniiit, Kay*er. 
Margi*'fca tiietana, nor, Bp. 
Stwphaletia, »p. tuL 
Undnnlut timortntU, Bejr. 
Reticulars indica, Wiag. 

This is a rather mixed assemblage of species. Frcduettu kiangsiensis has 
hitherto been found in the upper carboniferous beds of Loping only, but lias it* 
nearest allies [P. tumnlut, Waagen) in geologically younger strata. P. temi- 
reticulaiiu and P. tcabricultu extend through the entire carboniferous system 
into permocarboniferous strata. Retieularia indica, is in the 8alt Range restricted 
to the upper division of the middle Productus limestone. Uttnnulut timorentU does 
not descend into geologically older strata than the Virgal beds of the middlo Productus 
limestone. 

So far, as it is possible to judge from this fauna, the beds of Yar-ka-lo appear to 
be not more ancient than tho middle Productus limestone of tho Salt Range, and 
they should probably bo placed about on a level with the Chitichun limestone. 

Another group of rocks in the Chinese province of Kiangsu, which has been 
discovered by F. von Kichthofen near Tschu-sz'-kang on the lower Yang-tze- 
kiang likowise corresponds in Freeh's * opinion to the middle Productus lime- 
stone of the Salt Rango. By the same author a pormian ago is ascribed to tho 
black shales of Ning-kwo-hsien (province of Nganhwei), but the determination of 
two unsatisfactorily preserved species of ammonites, on which this view has boon 
based, remains somewhat doubtful. 

There is yet the probability of one correlation to bo discussed, and this is a 
correlation of the Chitichun limestone with the permian rocks of the island of Timor, 
the fauna of which has been described by Beyrioh, Martin and RothpleU. The 
number of Bpecics of brachiopoda identical in the two faunas, is eleven or perhapB 
even twelve. These species are tho following :— 

Product" I temirttttuUl**, Mart- 

„ ? cMieivtoiif, Oiener (=»mt ip. M., Rothplett). 

„ yraiiom; Wi»g. 

„ AUrki, Wug. 
Spiriferina octopiieaii, Sow. 

* 

• Oi* TOWMoluftlicbm ErgetaUw d« R.i« <U Gmf» B.SW Suolunyi in 0.l^A»i.n, I. TU.. Wi*o. 18M. 
o, 72$. 

» F. Prtci,-Vt)»T pdipo.oi.cl>. P.a«m .u, A«. B or,.! N'orfeOik.. N.»» J»hrWb , 1895. P . 51 
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Spirtfer mutaHtfUntit, Dav. 
Reticularis lineata. Mart. 
kfartiiia nueula, Rothpl. 
Jt Afrit Bofirii, Uv. 

„ eapillata, Wiag. 
U»ein»lu> timerentit, Bejrr. 
Hemiplyekina tpartiplictta, W»ag. 

Among the permian braohiopoda of Timor sixteen species altogether — out of 
twenty-six— arc identical with Salt Range forms, exhibiting about equally strong 
affinities with the upper division of the middle Produotus limestone and with the 
upper Productus limestone The occurrence of Cyelolobut ptrtulcatus, Rothpl., is 
strongly in favour of a homotaxis of the permian rocks of Timor with the Fusulina 
limestone of Sicily or with one of the subdivisions of the upper Productus limestone. 
Similar ammonites havo as yot never been found in permocarboniferous strata. I 
consequently think that the permian rooks of Timor ought to be placed on a slightly 
higher level than the Chitichun limestone. 

The relations, which exist between the brachiopod fauna of the Chitichun lime- 
stone and those of beds in a similar geological position in America, Spitzbergcn and 
Armenia, are nothing less than striking, while the number of formB identical with 
those found in the permian rocks of Julfa is remarkably small (2). 

The names and distribution of all the species of Chitichun brachiopoda, which 
have been found in other parts of the world, are shown in the tabular statement 
on p. 103. 

The most important fact, appearing on a first glance at this tabular view, is the 
intimate affinity of the Cliitichun fauna to the Productus limestone fauna of the 
Salt Rango and its remarkable difference from tho permian fauna of the Himdlayan 
Productus shales. A special stress must be laid on this faunistic difference be- 
tween tho limestono crag of Chitichun No. I and all the hitherto known beds of 
carboniferous or permian ago in the main region of the Himalayas. 

Of all tho other classes of organic remains in the Chitichun limestone I need 
say but vory little. They take a too insignificant part in tho known fauna to 
materially affect the evidence adduced by the hitherto quoted forms of inverte- 
brates. It is however worth mentioning that the only species of coral, which 
is very numerously represented in the Chitichun limestone, Lotudnleia indica is 
identical with a form from the upper division of the middle Produotus limestone 
in the Salt Range. 

With regard to the general character of the fauna described in tho preceding 
chapter, I may sum up my view in respect to the stratigraphical position of the 
Chitichun limestone in tho following sentence. 

Tho Chitichun limestone is approximately homotaxial with the upper division 
of tho middle Productus limestone (Virgal and Kalibagh beds) in tho Salt Range. 
It probably corresponds in age to the permocarboniferous horizon (Artinskian 
stage) in Russia, but the description of tho brachiopods from the Fusulina limestone 
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of Sicily must be awaited for, before it is possible to decide, whether it does not 
hold a slightly higher position in the stratigraphical sequence, than the Artinskian 



Statement showing the distribution of the Chitehun permian fauna in other regime. 
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PLATE I. 

Figi. 1. Stachbocibas Trimcrti, Dieocr. Entirely chambered specimen. ]«, side view, 

14, dorsal view ; lc, front view ; Id, fragment of an ouUr whorl ; Is, sutural 
line taken from the fragment Id; \f, auturel line taken from la. 
„ 2. Chbiboptgb bimaiayinsis, Diener. Pygidium. 2a natural size ; ii and te 

(side view, enlarged 2 diameters). 

„ 3 a, b. Phillitoia Middlbmibsi, Diener. Pygidium. 

afp. jabisnbi, Waa^on. Cast of a left valve. 

„ 5. Ltttoru hobius, Waagen. Fragment, showing the cardinal region of the 

ventral valve, with the septa auj fragmenta of the dorsal valve. 

„ 6. LvnosiA jjOBitif, Wasgea. Fragment, exhibiting the internal characters of the 

cardinal portion of the ventral valve. 
„ 7. Ltttohia dobilm, Waagen. Fragment of the vential valve of a vary large 

specimen, showing the porous character of the shelly substance. 
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PLATE II. 

F»g». J, 3, 6. PaonccTtra aEMmnccuiTCg, Mart, Pig. 1, fairly complete specimen, repre- 
senting the typical form of the specie*, la, ventral view ; it, dorsal view ; If, 
lateral view ; \d, apical view. Fig. 9, largest specimen known to mi. 3a, 
ventral view; Si, front view. Fig. 5, east of the doraal valve. 6i, lateral 



2, 4. PaoDcrrus bolivibnsi* var. cbitiokohbmsu, tiro ventral valve*. Figi. 2 and 
4a, ventral views , 4 i, spn\al view ; 4r, lateral view. 
0. Peoddctus cp. eubcostatos, Waagen. Cast of a dorsal valve. 6*, dorsal view ; 
64, lateral view ; 6e, part of the sculpture, exhibiting the deep groove* along 
the inner margin* of the ■ 
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PLATE III. 

F'g*. 1, 2. PtODDCTt'8 SEiliMTiconTC*, Miirt. Fig. I, specimen with a very deep si nut ; 

la, ventral view ; 14, lateral view; If, front view. Pig. g, epecimea w ith » 
very low untie. 2a, ventral view ; 2J, apical view ; te, lateral view. 
„ 3—7. PmoDrjcrci obatioots, Waagen. Fig. 8, complete apccimen, Ha, ventral view ; 

3*,dor»»l view; Se, apical view front vicw;8#, lateral view. Fig. 4, 
specimen with partly preserved epinee. 4e, ventral view ; 4*, apical view ; 4e, 
lateral view. Fig. 5, largest epeeimen known to me. Fig. 8, tpecimen with 
frequently bifurcating ribi. Fig. 7, email epeeimen with unaaually deep 
ainoe. a, ventral view; 54, 66, later*! view; c, front view; id, 6rf, apical view; 
74, apical view. 

8. PiODCcrra Adichi, Waagen. Vootral valve. Pig. 8«, ventral view ; 8*, laUral 
view j 8e, froat view ; U, apical view. 



Digitized by Google 




Digitized by Google 



PLATE IV. 

Figi. 1. Productm Co»a, d'Orligny. la, vfDtrol view; 1*, later*! view; 1<>, froqt 

view ; U, apical view. 

„ 8—5. Pboddctcb UHSiTV*, Waagen. 2a, ventral vitw ; 22, lateral view ; te, apical view. 

Fig. S, ventral vahre of a deeply ainuated specimen. Figa. *, 6, largest tpcci- 
mens known to me. a, Tentral view ; b, lateral view ; e, front view ; i, apieal 
view. 

„ 6, 7. PiiODOitoa CANca.miroB.ma, Ticbernyeebcw. Partially preserved ventral valves, a, 

ventral view ; *, lateral view ; e, front view ; i, apical view. 



,, 8, B, 10. Prodcctoi mokoouccs, Diener. Fig. 8, ventral valve of a tolerably complete 
specimen, a, ventral view ; b, lateral view ; e, front view; d, apical view. 
Pig. 9, ventral valve with strongly geniculated traiL a, ventral view; 
b, lateral view;*, dorsal view. Fig. 10, fragment of a very large ventral 
valve. 

„ 11,12,18. Mjbgihihba TTMca, Waagen. a, ventral view ; i, dorsal view ; e, lateral view ; 
4, front view ; t, apieal view. Pig. 12, dorial view of a 
wiDgs brukuD off, that showing the marginal ridges. 
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PLATE V. 

Figs. 1,2. MiaGUHfraa ttfica, WiageD. a, ventral view ; b, doraal Ti*w ; e, lateral ?iew. 
„ 3 — 6. AoLomcu TtBlTiotK, Dieoer. Fig*. 3, 4, average sized specimen*, with partly 



preserved shell, a, ventral view ; 4, dorsal view ; e, lateral view ; 4, apical 
view ; », front view. Fig. 6, specimen with a very short hinge line, a, ven- 
tral Tiew ; b, doreal yiew ; t, lateral view ; 4, front view ; t, apical view. 
Fig. 6, largeat specimen, known to me, estt without shell ; a, doraal view; 
4, ventral view ; c, lateral view ; 4, apical view ; e, front view. 



7—11. Extzutm TfCHMjfTscHMPi, Dienor. Figs. 7, 10, complete ipcoimena. a, dorsal 



view ; b, ventral view ; «, lateral view ; 4, apical view ; e, front view. Fig. 8, 
ventral view of a smaller valve. Fig. 9, incomplete epecinien, with well 
preserved cardinal region, a, ventral view ; b, apical view ; e, lateral view. 
Fig. 11, doraal view of a larger valve. 
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PLATE VI. 

Kg». 1—7. 8?iuris TiBiura, Dteaet. 1«, U, ha, U, 6*, 71, Ttntrd view ; U, lb, 3, 4t, 
54, 6m, 7«, doratlTMW ; «, lateral vi«w; Id, mpi«*l Tiew ; U, W, (root view. 
„ 8. 8piu»i» inuuiuim, Dtridsoo. Fragment of » dorml v»lv». 
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PLATE VII. 

Figt. 1 — Spibifb* Wtsnbi, Waagen. a, ventral view ; i, dorsal view ; e, lateral view ; 

rf, front view ; «, apical view. 
„ 5 — 7. SnftirERiNi custat* va«. ocTopi itATi, Sow. a, ventral view ; i, dorsal view ; 

c, lateral view ; J, apical view ; f, front view. 
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PLATE VIII. 

1,2. Mastinu ELiOASi, Dicner. Fig. 1, type specioaeu. a, ventral view ; b, dona) 
view ; e, lateral view ; d, front view j t, apical view. Fig. 2, ventral valve 
with partly preserved shell. 24, part of the shell enlarged, to show the 
pancUtion of the surface. 

8, 4. Makthiia acuTOiiiBoiNaus, Diener. Fig. 3, type specimen. ; dorsal view , 
b, ventral view ; e, lateral view ; d, front view. Fig. 4 a, ventral view ; 6, 
dorsal view ; e, lateral view ; d, front view. 

5, 6. Mahtisia kdccla, Bothpletz. a, ventral view ; b, dorsal view; c, lateral view ; 
d, front view. 

7. MasriMU sbmiplaha, Waagen. a, dorsal view; *, ventral view; e, lateral 
view ; d, front view. 
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PLATE IX. 





1 o 


Ma»tihia ilsgan3, Di«n«r. 




» 


3. 


Mabiikia oostuCTi, Meek and Worthen. 




» 


4. 


MaITIHU. CT, OLAUKi, Marl. 




>• 


6—7. 


RiTICtriAtIA UXEATA, Mart. 

In all the figure* on tai* plate, a reprwenU the dona 


1 view; 4, the 



c, the lateral view; the front view ; f, the apical v»w of the 
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PLATE X. 



Figs. 1, 2, 8, 6. Athyiis Roybsi, Leveille. Pig. 8, specimen, with partly preserved inUrn»l 
characters, ihowing a portion of the spira. appendages. 

„ 4. Athybib si'bkpahsa, Waagen. 

„ 5. Atstris ci.PiLL.iTAp Waagen. a, dorsal view ; i, ventral view ; e, lateral view • 



7—10. Ukcikulob TiifOiBsau, Bey rich. Fig. 7, very large specimen with a broad median 



fold. 7«, ventral view; It, dorsal view ; 7c, lateral view; Id, front view. 
Fig. 8, specimen, agreeing with Waagen's Uncinul u4 Tktobaldi from the 
Salt Raogo Productus limestone. 8a, dorsal view] 84, ventral view; Sc, 
lateral view ; 8J, front view. Fig, 9, lateral view of a spocimen with a 
strongly impressed ventral valve. Fig. 10, specimen with partly preserved 
abell and strongly developed sculpture ; ventral view. 
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PLATE XI. 

Tig*. 1, 2. SriMGBmiiM mbtcjiiid*, Dieoer. 
„ 3. SritiontLU otiHDis, Waageo 

„ 4. SriuoiRiLU Dmbti, Waagen. 

5. Dibusma bifux, Waagen ?, out of » young individual. 
6, 7. Dibuvx* Bm.u, Waagen. 
8. Cama»opho»u «p. krr. cmjkbh*, Mart. 

Id all the figure* oo thu plate, a represent* the dorsal fi«v; }, the ventral view ; 
c, toe lateral view ; i, the front view of 1 
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PLATE XII. 

Figs. 1,2. llEMiPTYcniHA 8P*R»irLicATA, Waagen. 
3. Huiipttciiina ikslata, Waagen. 
() •». Hbmiptvcbixa miiALAinns, Davidson. 

5, 7, 10. Caxabofroua gigaktea, Thener. Fig. 7, »howing the rent ml septa (dental 
plates), ventral view. Fig. 10, showing the Tentral as well M tie dorsal tepta, 
lateral view. 

6, 8, 9- Camabopbohia PuiinoKi, Davidson. Fig. 6, middle sized specimen of the typical 
form. Fig. 9, specimen of unusually flat shape. 

Id all the figures on this plate, a represents the dorsal view , t, the ventral view ; 
e, the lateral view ; d, the front view. 



Digitized by 




Digitized by Google 



PLATE Xin. 

Figs. 1, 2. Notothvris T«iFMC*T4, Eicncr. <r, dorsal view; », ventral view ; e, later*! view ; 
d, front view. 

„ 3. Fkmbstklla tr, ivo. Fragment of a colony, showing the non-poriferous side, 

imtuial size. 

„ 4. A»vLTt:i<HoitRLt.* tr. kit. vssicPixiitA, de Kod. a, lateral view ; t, longitudinal 

section ; e, transverse section, tboniog the central canal. 

„ 5,6. LoxsDtLBU l.XDic4,Wa»g€u and ^ nitzcl. 5, lateral view of a specimen, natural 

»ijte ; 6a, top view, natural «izo ; •>♦, lateral view, natural size; tc, transverse 
section of a oorailite, enlarged abuut 20 diameters, showing the transverse 
lamella in the centre of the oulumclla. 

„ 7. AwrLixcs sp. e»d. lateral view; t, transverse section, enlarged 2 diametera. 

„ 8, PBODUiUTICCM. 
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

Vou. I TO XXJ, 1BRS n 1897. 



The KacoaM or the Oco)<ic>«l Soreey ar* im<il nnerbwlv,— ■» rebm.rr. May, Ancaacand S«ww. l'lwy contain 
brhf report* and papera: abatraew of Bar* detailed work ; notice* of recent ikMKtiw donation, t* MnMilia, ana addition, 
to liihrar; etc Thee are of th* ""a* ail* aa the ' Memoir..' b« ara >.p*r*tele paired. Bef*» !o Jan* 1869. 

The eauoal Mb*oriotio* lor roar aaaoera or parti m 8 IU. <«*.). Po*t*(a additional j If for India, 4 Aa. for fjroaf 
Rr.U.a, 8.* <!«.). 



MISCELLANEOUS PUBLICATIONS. 

A M.aieal nf th* tieolojr of India. 4 Vote. With nap. 1879.1587— 

v2: I bL^^Ur Am.. }* « B. MM and W. T. BWord Prie. 8 r«p«. <«/ »/ ,,..,). 

Vol, ». Kwnmmio Ueolofcy. By V. Ball. PrU* t ranoca (out »f print). ' 

Vol. 4. Mi.-r.laey. Iij P. K. M allot. * iopa«. 

A M.onal of th* Oaol^ry of India, *»d edition. By R. D. ntdnatn (1«9*J Pnee » tnpaea. 
Peoolar raid*, to Uw •' <>eir.l collection* in 1fcr 1™U" Viraennt, Calcutta — 

Tertiary .crtebrat* eaimela. By H. linker. 1879. rTioo 2 anna, (o.t o/ priaf). 

Ko. !. Mineral*. Be P. K. Mallet. (1H79-) Prlae « annua. 

No. S. MeUsorit*.. ByF. Fedden. (1886.) Prtoa » amw.. 

No. 4. I^ta-«tolo|ro.l collection. By O. Pri.tn».iil«l. 0881.) Price t annaa. 

No. 6. Ecaiowic ...Ineral i-rode-Ha. By P, B. Mallet. (18M.) Prl«. J aaa«- 

I)**eri|.li»* catalog** of tke ooUactlon of Miner* la in th« OaalogMal Mnaaaa, Calcutta. By P. B. Mallet. (1S83.) 

'^AiTntrndnetton to tk. CWkal and Phjaleal .tody of Indian Mineral.. By T. H. Holing (1898.) Price 8 anoaa. 

Catetafn. of the retain, of Siwalik V.rtebraU contained •* th* Ueolotjeal f**}"^ Muaenen. By 

It. Lydekker. Pt I. M.anaaaUe. (1S86 ) Pric.ln.pw. Pt. IL A»*a, BepU at, and PI****. (1»«- [Price ♦ .nnaa. 

Oat«U*a. of th* remain, nf Pknatou-ii* and Pra-Hlovoric Vertebral* coirtaJaod m tka tmUfncal H.p.rtnw.11 at th* 
Indian Mnaaum. By K. Ljdekkar. (ISM.) Prlr* 4 anna*. 

Bibll.wrapl.e of lodSa* OanlofT. By B. D. Oldham. (1888.) Price 1 rape* 8 annaa. 

Hei«et o« the laaiaKUani nf Mine* In ladle foe 1 **» »♦. By Jaaoea Oroody. (1894.) Price 1 rupee. 

Heart on Die Inapeetina of Mine, in India for 1894-fMJ. ty Jam** Oranity. (1898.) Price S rnpwf, 

Bcnort on Ui* lMi«Sinn of Mine* ia India foe 1886-9H. By Jarne. Orandy. 088..) Price 1 rnpoa. 

Kepirl oa llie 0«l<njical BlrucWM u>d StabiUty of th. hit) .lope* aroand Kaiai Tal. By T. H. Ilolland. (1887 ) 

F ^*(it2KalM.pofIa4*. (1898). Scale l"-96 mil-. Prtc* 1 mpee per copy. 
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Digitized by Google 




PAUEONTOLOGIA INDICA. 



(Sibim I, III. V. VI. VUL) 

cmmtackous fauna or soithkkn india, i» r. btoliczka,*w»»i vol.i, Pr. i.»» h. r. blankokd. 

Vol. I. Tbe C*ubHWeoda (1861— 66), pv. SIS, puk 94 (6 doubl*). 



. 11. Tit* Uaeirupode (1867 -*6S). pp. lili, AW, pie. ss. 
. III. The IVIavjowi. (1870-71). pp. »»iL AS7. pla. M. 
„ IV. Tfc. Brn.ukopod., Cillepode, Kcblbodermate, Cr»la, «tc. 



(1871-76). p^t.tflS.pm. A* 



(Slllt* II. XI, XII.) 

THK FOSSIL FLORA OF THE QONDYYANA SYSTKM. Ay O. FRISTMANTEL. ««>l Vol. L Pt. 1, J * 7. 

OLDHAM owe* J. MORRIS. 
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rlX.) 

JURASSIC FAUNA OF KACH. 
Vol. I (1S7S-76). Tb* Cwpbalormda, he W. «',i«i>, pp. i. ««7. pit. So (A 4«mble). 
« II, pt. 1 (ISM). TIm Keblnoidesof Koch, by J. W. Ouooer, pp. 1A, pla. A. 



>1V.) 

INDIAN PHB-TKKTIART V KRTBfl RATA. 
Vol. I. pp. vi, 1S7. i>l*. S6. 1SA6— 85. Pi. 1(19*6); The Vertebrate Foeeil* iram the Panchet roeka. be T. H. HtjXLar 
PL * (1878) ; Tbe Vertebral* FoatiM of tW Kola-Maleri Group, bj 8| a P. i>a M. Hear Malar"! a«d 



L.C. Null, rt. 8 (1879) ; Reptlliaaad Batnrbia. Vr B. Lnnui. Pt. « (1A86): Th. I 
from lb* Bijori Oroup. bjr R. Lmniu PL A (iBa6);Tee r 
Dana* group., by R. Lxmsesb. 



(AniM X.) 

INDIAN TF.ItTIAl:Y AND lUST-TFRTlARY VKK1KBRATA, *> B. LTDBKKER, amwi Vol. I, Pi. 1 bt 

R. B. POOTK. 

Vol. 1, pp. i«, 800. via. AO. 1874— 80. Pt. 1 ; Rhlaooaree feoeeneaeia. PL A j Moan teeth aad otbar miaeiae of Mam- 
aulia. Pt. A] Craaie of Kutuiaaata, PL 4; Sapphneal u Pi. I. PL b ; Siwalik aud Narbawa 
I'ml.nddtt, 

» H, pp. >r, AM.pl*. AS. ISS1-S4. PL 1 : Siwalik IthiiHveroul*. PL» t r ., 

booeidm. PLA) 81* auk aad Karbada Bands. Pt.4; Siwalik CaaMlapatfeUle*. PL A; I 
Snina. at*. PL 6 ; tnwalik and Narb»d* Crnirora. 

» III, pp. Hi«. ML ph. 38. 1864—86. Pt.l ; Additional Shrank Periaaodaetyhi and Prohoetidia. PL t ; Siwalik and 
NirUdi Buiiodovt Snina. Pt. A ; Kodoata and bow Knaiinaata (rnaa tba Siwalika. PL4|8iwalll< BiraU 
Pt. A j MaaValnii Twtu from Ptrlai lalawl. PL 6 Siwalik and NarlwJa Cuainma. PL 7; Siwalik Craeodilia, 
l^rrdlla i.nd Opbulka. IX8;TtrUarr Flalara. 

„ IV. TL 1 (ISSS). 8iw.Uk Mammalia (Swrpbiiiant 1), pp. 18, pm. «. 



Pt.S(lS«fll. TboFaoaa of tl» Karaul raraa (and addondnn to PL 1) , pp. 40 09 -AS), A (»U-ii). 
Pt. A (1887). *«.«* Cbeloaia from tb* Salt Uanga i pp. 7 lAS-64). pla. 1 (tii-aiu). 



(SH1AI XUI.) 

SAI.T BANOK FOSSILS. A* WILLIAM WAAORK, Ph.D. 
PnOwtaa-Liaieatoiw Oroap t Vol. 1, pt. 1 (187tlk Fiatoa. Coplm>|iwna, j*. 71. pU. 6. 



3 (1880). GaBrowMia :.»o SoppUmaat u> pc. I, pp.111 (7A— ISA), pk. 10 (1 doubk). 
(»ii— awl) 

9 (18!l|). Itbwvpala. pp. 144 (185-AS8), pla. 8(«Tii-iiii). 

4 (1182— M). Braekiopoda. pp. 442 (8S»— 770), pbk 63 («»»— lxurik 

b (1886). Hrretna— AoiH-lidar— Bcbiamlmiala, pp. 64, (771— 6A4J, pU. 10 (lutrii- 
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i Vol. IV, pL 1 (IB8B|, pp. 8S, pk.4. 
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AHI> UPPKK CRRTACKOU8 FAUNA OF VYRsTKRN INDIA. »» P. MARTIN DUNCAN and 
Mr. PBKCV SI^DKN. ,xnpt Pi 1. Af F. 8TOLICZKA. 
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Ft. 4, Tlio FoaaU aWmimaklea of Kacb and KaUjwar. 



(SlalU XV.) 
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Tba I apWUrpoda of tba Lnwrr Triaa : VoL II, pt. 1 (1897). pp ISi, pla. SA. 
Tb* CwpUlopoda of Urn Mmmbrlkalk , Vol. 11. pt. A (18*6). Triaa, pp. 118, pte. SL 

(8»iaa XVI.) 

BALUCHISTAN FOSAIL8. i. FKITZ NOKTLINO, P».D., F.QA. 
Tb« Fanoa of tb* Kallawara of M.rir Drik : VJ. I. pt. 1 (189A), pp. it, pU. IS. 
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